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To All Interested Parties:

The U.S. Environmental Protection Agency (EPA) is pleased to release the Data Evaluation
and Interpretation Report for the Hudson River PCBs Superfund site. The findings of the
report are based on the geochemical analysis of water column and sediment data collected
during the Phase 2 Investigation, as well as data collected by other organizations (e.g.,
New York State Department of Environmental Conservation, U.S. Geological Survey, and
General Electric). The database utilized for these analyses was released previously, and is
available upon request on CD-ROM.

This report is the third in a series of six reports that will make up the Phase 2 Report of the
Reassessment. It is important to recognize that the conclusions in this report, although
significant, do not conclude whether or not remedial action is necessary for the PCB-
contaminated sediments of the upper Hudson. The numerical analysis (computer modeling)
of fate and transport of PCBs, the associated ecological and human health risk
assessments, and a feasibility study must be completed before such a conclusion can be
reached. The Phase 2 Report was divided into sections at the request of members of the
community interaction program. This allows interested parties to comment on the reports
prior to the incorporation of the work into the risk assessments and the feasibility study
and separates the Phase 2 Report into more manageable documents.

EPA will be accepting comments on the Data Evaluation and Interpretation Report

until April 11, 1997. The comment period is longer than we have provided for previous
Reassessment reports because of the extensive analyses that are included and the
complexity of those analyses. In addition, there are several findings discussed in this
report which were utilized in the Preliminary Model Calibration Report (released in October
1996). Therefore, during this comment period, EPA will also accept comments on the
Preliminary Model Calibration Report as they pertain to findings from the Data Evaluation
and Interpretation Report. Please clarify which report your comment refers to, and include
the report section and page number for each comment. Comments should be sent to:

Douglas Tomchuk

US EPA - Region 2

290 Broadway - 20th Floor
New York, NY 10007-1866

Attn: DEIR Comments
A joint liaison group meeting will be held to discuss the Data Evaluation and Interpretation

Report on Wednesday, February 19, 1997 at 7:30 p.m. at the Marriott Hotel at
189 Wolf Road in Albany.



We look forward to your involvement in the Data Evaluation and Interpretation Report and
throughout the Reassessment. If you have any guestions, please contact Ann Rychlenski,
the Community Relations Coordinator for the Hudson River PCBs site Reassessment at
{212) 637-3672.

Sincerely yours,

o~

Richard L. Caspe, Director
Emergency and Remedial Response Division
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EXECUTIVE SUMMARY
DATA EVALUATION AND INTERPRETATION REPORT

The U.S. Environmenta Protection Agency is conducting a study of the Hudson River PCBs Superfund
site, reassessing the interim No Action decision the Agency madein 1984. The goa of the Reassessment
study is to determine an appropriate course of action for the PCB-contaminated sediments in the Upper
Hudson River in order to protect human health and the environment.

During the first phase of the Reassessment, EPA compiled existing data on the site, and conducted
preliminary analyses of the data. As part of the second phase, EPA conducted field investigations to
characterize the nature and extent of the PCB loadsin the Upper Hudson and the importance of those loads
to the Lower Hudson. EPA aso conducted analyses of data collected by the New Y ork State Department
of Environmental Conservation, the U.S. Geological Survey, and the General Electric Company (GE), as
well as other private and public agencies.

Thisreport isthethird of aseries of six volumesthat make up the Phase 2 Report. Thisvolume, the Data
Evaluation and Interpretation Report, provides detailed descriptions and in-depth interpretations of the
water column and dated sediment core data collected as part of the Reassessment. The report helpsto
provide an improved understanding of the geochemistry of PCBsin the Hudson River. Thereport doesnot
explore the biologica uptake and human heath impacts, which will be evaluated in future Phase 2
volumes.

The conclusions presented herein are based primarily on direct geochemical analyses of thedata, using
conceptua models of PCB transport and environmental chemistry. The geochemical analyses will be
complemented and verified to the extent possible by additional numerical analysis via computer
simulation. Results of the numerical smulations will be reported in subsequent reports, primarily the
Baseline Modeling Report.

Major Conclusions - The analyses presented in the Data Eval uation and I nterpretation Report lead to four
major conclusions as follows:

1. Theareaof the site upstream of the Thompson Island Dam represents the primary source of PCBsto
the freshwater Hudson. This includes the GE Hudson Falls and Ft. Edward facilities, the Remnant
Deposit area and the sediments of the Thompson Island Pool.

2. The PCB load from the Thompson Island Pool has a readily identifiable homologue pattern which
dominates the water column load from the Thompson Island Dam to Kingston during low flow
conditions (typically 10 months of the year).

3. The PCB load from the Thompson Island Pool originates from the sediments within the Thompson
Island Pool.



4. Sediment inventories will not be naturaly ?remediated@ via dechlorination. The extent of
dechlorination is limited, resulting in probably less than a 10 percent mass loss from the original
concentrations.

A weight of evidence approach providesthe support for these conclusions, with several different lines of
investigation typically supporting each conclusion. The subordinate conclusionsand findings supporting
each of these mgjor findings are discussed below.

1. The area of the site upstream of the Thompson Idand Dam represents the primary sour ce of
PCBsto the freshwater Hudson. Thisincludesthe GE Hudson Fallsand Ft. Edward facilities, the
Remnant Deposit area and the sedimentsof the Thompson Idand Pool. Analysisof thewater column
data showed no substantive water column load increases (i.e., load changes were less than ten percent)
from the Thompson Idand Dam to the Federal Dam at Troy during ten out of twelve monitoring events.
These results indicate the absence of substantive externa (e.g., tributary) loads downstream of the
Thompson Island Dam as well as minimal losses from the water column in this portion of the Upper
Hudson. Theseresultsalsoindicate that PCB transport can be considered conservative over thisarea, with
the river acting basically as a pipeline (i.e., most of the PCBs generated upstream are delivered to the
Lower Hudson). Some PCB load gains were noted during spring runoff and summer conditions, which
were readily attributed to Hudson River sediment resuspension or exchange by the nature of their
homol ogue patterns. These load gains were notable in that they represent sediment-derived loads which
originate outside the Thompson Island Pool, indicating the presence of substantive sediment inventories
outside the Pool. The Mohawk and Hoosic Rivers were each found to contribute to the total PCB load
measured at Troy. The loading from each of these rivers during the 1993 Spring runoff event could be
calculated to be ashigh as 20 percent of thetotal load at Troy. However, theseloads represent unusually
large sediment transport events by these tributaries since both rivers were near or & 100-year flood
conditions.

A second line of support for the above conclusion comes from the congener specific analyses of the water
column samples which show conformity among the main stem Hudson samples downstream of the
Thompson Idand Dam and distinctly different patterns in the water samples from the tributaries. These
results indicate that the tributary loads cannot be large relative to the main stem load since no changein
congener pattern is found downstream of the tributary confluences.

This conclusion is also supported by the results of the sediment core analyses which showed the PCBs
found in the sediments of the tributariesto be distinctly different from those of the main stem Hudson. As
part of this analysis, two measurement variables related to sample molecul ar weight and dechlorination
product content were shown to be sufficient to clearly separate the PCB patterns found in the sediments of
the freshwater Hudson from those of the tributaries, indicating that the tributaries were not major
contributors to the PCBs found in the freshwater Hudson sediments and by inference, to the freshwater
Hudson as awhole.

When dated sediment core results from the freshwater Hudson were examined on a congener basis,
sediment layers of comparable age obtained from downstream cores were shown to contain similar
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congener patterns to those found in a core obtained at Stillwater, just 10 miles downstream of the
Thompsonldand Dam. Based on cal cul ations combining the homol ogue patternsfound at Stillwater with
those of other potential sources (e.g., the Mohawk River) it was found that no lessthan 75 percent of the
congener content in downstream cores was attributabl e to the Stillwater core. This suggeststhat the Upper
Hudsonisresponsiblefor at least 75 percent of the sediment burden, and by inference, responsiblefor 75
percent of the water column load at the downstream coring locations. Only in the cores from the New
Y ork/New Jersey Harbor was substantive evidence found for the occurrence of additional PCB loads to
the Hudson. Eveninthese areas, however, the Upper Hudson load represented approximately half of the
total PCB load recorded by the sediments.

Thelast line of evidencefor this conclusion was obtained from the dated sediment coreswherein thetotal
PCB to cesium-137 (**Cs) ratio was examined in dated sediment layers. Comparing sediment layers of
comparable age from Stillwater (10 miles downstream of the Thompson Idand Dam) to Kingston (100
miles downstream of the Thompson Island Dam), the data showed the sediment PCB to **’Csratios at
downstream coresto be readily predicted by those at Stillwater, implying asingle PCB source (i.e., the
area above the Thompson Idland Dam) and quasi-conservative transport between Stillwater and locations
downstream. These calculations showed downstream ratiosto agree with those predicted from Stillwater
to within the limitations of the analysis (25 percent).

2. ThePCB load from the Thompson I dand Pool hasareadily identifiable homologue patter n which
dominates the water column load from the Thompson Idand Dam to Kingston during low flow
conditions (typically 10 monthsof theyear). Evidencefor thefirst part of thisconclusion ssemslargely
from the Phase 2 water column sampling program which provided samples above and below the
Thompson Island Poal. In nearly every water column sampling event, the homol ogue pattern of the water
column at the Thompson Idand Dam was distinctly different from that entering the Thompson Idland Pool
at Rogersidand. Inaddition, the Phase 2 and GE monitoring data both showed increased water column
PCB loads at the downstream station, relative to the upstream station, particularly under low flow
conditions. Based on the monitoring data collected from June 1993 to the present, water column
concentrations and loads typically doubled and sometimestripled during the passage of theriver through
the Pool. Thus, areatively large PCB load originating within the Thompson Island Pool is clearly in
evidence in much of the Phase 2 and GE data. This load was readily identified as a mixture of less
chlorinated congeners relative to those entering the Pool.

The importance of this load downstream of the Thompson Idand Dam is demonstrated by the Phase 2
water samples collected downstream of the Dam. These samples indicate the occurrence of quasi-
conservative transport of water column PCBs(i.e., no apparent net |osses or gains) throughout the Upper
Hudson to Troy during much of the Phase 2 sampling period. Thisfinding isbased on the consistency of
homol ogue patterns and total PCB |oad among the downstream stations relative to the Thompson Island
Dam load. Thus, the region above the Thompson Island Dam is responsible for setting water column
concentrations and loads downstream of the Dam to Troy. During the low flow conditions seen in the
Phase 2 sampling period, aswell asin most of the post-June 1993 monitoring data collected by GE, the
Thompson Idand Pool was responsible for the mgjority of theload at the Dam. Thus, the Thompson Idand
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Pool load representsthe largest fraction of the water column load below the Dam during at least 10 months
of the year, corresponding to low flow conditions.

Theimportance of thisload for the freshwater Lower Hudson is derived from acombination of the water
column and the sediment core results discussed above. Specifically, the water column results show the
Thompson Idand Pool to represent the majority of the water column load during much of the year
throughout the Upper Hudson to Troy. The dated sediment core results show the Upper Hudson to
represent the dominant load to the sediments of the Lower Hudson and, by inference, to the water column
of the Lower Hudson. Sincethe magjority of the Upper Hudson load is derived from the Thompson Island
Pool, the Thompson Island Pool load represents the majority of the PCB loading to the entire freshwater
Hudson as well.

3. ThePCB load from the Thompson Idand Pool originatesfrom the sedimentswithin the Thompson

Idand Pool. The PCB homologue pattern present in the water column at the Thompson Island Dam is
distinctly different from that which enters the Thompson Island Pool at RogersIdand. Thischangein

pattern was nearly always accompanied by adoubling or tripling of the water column PCB load during the
Phase 2 sampling period and subsequent monitoring by GE. This pattern change and load gain occurred as
aresult of passage through the Pool. With no known substantive external loadsto the Pool, the sediments
of the Pool were considered the most likely source of these changes. Upon examination of the PCB

homologue and congener patterns present in the sediment cores collected from the Thompson Idand Pool

and elsewhere, it became clear that the sediment PCB characteristics closely matched those found in the
water column at the Thompson Idand Dam and sampling | ocations downstream during most of the Phase 2
sampling period. On the basis of this PCB ?fingerprint@ it was concluded that the Thompson Idand Pool

sediments represented the major source to the water column throughout much of the year as discussed

above.

Two possible mechanismsfor transfer of PCBsto the water column from the sediment were explored and
found to be consistent with the measured water column load changes. The first mechanism involved
porewater exchange, i.e., the transport of PCB to the water column viatheinterstitial water found within
the river sediments. This mechanism was examined using sediment-to-water partition coefficients
developed from the Phase 2 water column samples. These coefficients were used to estimate the

homologue patterns found in porewater from the Thompson Island Pool sediments. These patterns were
then compared with the measured water column patterns at the Thompson Idand Dam. Onthisbasisit was
demonstrated that this mechanism is generally capable of yielding the water column homol ogue patterns
seen. This analysis suggested that if porewater exchange is the primary exchange mechanism, then

sedimentswith relatively low levels of dechlorination arethe likely candidates for the Thompson Island
Pool source.

The aternate mechanism, resuspension of Thompson Idand Pool sediments, was also shown to be capable
of yielding the water column patterns seen. Since this mechanism works by directly adding sedimentsto
thewater column, sediment homol ogue patternswere directly compared to those of thewater column at the
Thompson Island Pool. The close agreement seen between the sediment and water column homologue
patterns demonstrated the viability of this mechanism. If resuspension isthe primary sediment-to-water
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exchange mechanism, then the responsible sediments must have comparatively high levels of
dechlorination, since the water column homologue pattern at the Thompson Idand Dam contains a
relatively large fraction of the least chlorinated congeners.

As part of the investigation of Hudson River sediments, a relationship between the degree of

dechlorination and the sediment concentration was found such that sediments with higher PCB

concentrations were found to be more dechlorinated than those with lower concentrations, regardl ess of

age. Thisrelationship had important implicationsfor the nature of the sedimentsinvolved in the sediment-

water exchange mechanisms. For porewater exchange, which indicated alow level of dechlorinationin

the responsible sediments, the sediment concentrations had to be relatively low, athough no absolute

concentration could be established. For resuspension, the sediment concentrations had to be relatively

high (i.e., greater than 120,000 ng/kg (120 ppm)) in order to attain the level of dechlorination necessary to
drive the Thompson Island Pool load. This in turn suggested that older sediments, particularly the

relatively concentrated ones found in the previoudly identified hot spots, arethelikely sourcefor the Pool

load via the resuspension mechanism. Given the complexities of sediment-water column exchange, itis
probable that the current Thompson Idand Pool load is the result of some combination of both

mechanisms.

Recent large releases from the Bakers Falls area may have also yielded sediments with sufficient
concentration so as to undergo substantive alteration and potentialy yield some portion of the measured
load via resuspension. However, the mechanism for rapid burial and subsequent resuspension is
unknown. It is also conceivable that these materials could be responsible for a portion of the load if
porewater exchange isthe driving mechanism. However, the presence of such depositsis undemonstrated
and must still be viewed in light of the prior, demonstrably large PCB inventory.

In this assessment, neither porewater exchange nor resuspension was eva uated in terms of the scale of the
flux required to yield the measured Thompson Island Pool load. Such an evaluation will be completed as
part of the Baseline Modeling Report.

4. Sediment inventories will not be naturally ?remediated@ via dechlorination. The extent of

dechlorination is limited, resulting in probably less than 10 percent mass loss from the original

concentrations. Evidence for this conclusion is principally derived from the dated sediment core data
obtained during the Phase 2 investigation. These data show that dechlorination of PCBs within the
sediments of the Hudson River istheoretically limited to anet total mass|oss of 26 percent of the original
PCB mass deposited in the sediment. Thisis because the dechlorination mechanismswhich occur within
the sediment arelimited in the way they can affect the PCB molecule, thuslimiting the effectiveness of the
dechlorination process. Infact, athough theoretically limited to 26 percent, the actua estimated mass|oss
ismuch less, in therange of only 10 percent based on the sediment core results (the mean masslossfor the
high resolution sediment core results was eight percent).

A second finding was obtained from the core datawhich supportsthis conclusion aswell. In corelayers
whose approximate year of deposition could be established, no correl ation was seen between the degree
of dechlorination and the age of the sediment. If dechlorination were to continue indefinitely, such a
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correlation would be expected, with the oldest sediments showing the greatest degree of dechlorination.
Instead, arelationship was found between the degree of the dechlorination and the PCB concentrationin
the sediment, such that the most concentrated samples had the greatest degree of dechlorination. Also,
sediments bel ow 30,000 ng/kg (30 ppm) showed no predictable degree of dechlorination, suggesting that
the PCBs in sediments with less than 30 ppm are largely left unaffected by the dechlorination process.
Thesefindingsindicate that the dechlorination process occursrelatively rapidly, within perhapsfivetoten
years of deposition but then effectively ceases, leaving the remaining PCB inventory intact. Theseresults
also indicate that the dechlorination processis generally limited to the areas of the Upper Hudson where
concentrations are sufficient to yield some level of dechlorination. For those areas characterized by
concentrations less than 30 ppm, dechlorination is not expected to have any effect at al. Thus,
dechlorination cannot be expected to yield further substantive reductions of the Hudson River PCB
inventory beyond the roughly ten percent reduction already achieved.

Animportant related finding concerning the Upper Hudson sediments was obtained from the geophysical
survey completed during the Phase 2 investigation. This survey showed a genera correlation between
areas of fine-grained sediment and the hot spot areas previoudy defined by NY SDEC. Since PCBshavea
general affinity for fine-grained sediments, it can be assumed that the fine-grained sediment areas mapped
by the geophysical survey represent the same PCB-contaminated zones mapped by NYSDEC. This
indicates that the hot spot areas previously mapped by NY SDEC arelargely till intact and have not been
completely redistributed by high river flows.

Ancillary Conclusons

In addition to the conclusions described above there are several additional findingswhich haveimportant
implications for the understanding of PCB transport in the Hudson River. These are discussed briefly
below. More extensive discussions of these conclusions can be found in the summary discussions
contained within each chapter.

° Erratic rel eases of apparently unaltered PCBs above Rogers Idand, probably from the GE Hudson
Fallsfacility, dominated the load from the Upper Hudson River during the period September 1991
to May 1993. The load at Rogers Island now represents about a third of the total load at the
Thompson Idand Dam.

° The unaltered PCB load originating above Rogers Island is predomi nantly Aroclor 1242 with
approximately 4% Aroclor 1254 and 1% Aroclor 1260.

° The annual net Thompson Island Pool load ranged from 0.36 to 0.82 kg/day over the period April
1991 to October 1995, representing between 20 to 70% of the total load at the Thompson Island
Dam based on data obtained by GE. During the period of June 1993 to October 1995, the net
Thompson Island Pool load varied between 50 to 70% of the total load at the Thompson Iland
Dam.
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The Upper Hudson area above the Thompson Isand Dam, i.e., the Hudson Fallsand Fort Edward
facilities, the Remnant Deposit area and the Thompson Island Pool, has represented the largest
single sourceto the entire freshwater Hudson for the past 19 years, representing approximately 77
t0 91% of the load at Albany in 1992 - 1993 based on water column measurements.

While the homol ogue pattern in the freshwater Hudson isdominated by the homol ogue pattern from
the Thompson Idand Pool, minor changesin the PCB pattern downstream of the Thompson Idand
Dam have been observed. The resulting water column patterns resemble those seen in
downstream sediments and associated porewater. However, it isunclear whether this changeis
the result of subsequent downstream sediment-water exchange or in situ water column processes
(e.g., aerobic degradation), given the tempora dependence. In particular, the congener pattern
seen at the Thompson Idand Dam is preserved throughout the Upper Hudson during winter and
spring but appears to undergo modification during summer conditions when biological activity is
high but energy for sediment-water exchangeislow. Porewater exchange may be important under
these conditions.

Water-column PCB transport occurs largely in the dissolved phase, in the Upper Hudson,
representing 80% of the water-column PCB inventory during 10 to 11 months of the year.

Dissolved-phase and suspended-matter PCB water-column concentrations at the Thompson Idand
Dam and downstream appear to be at equilibrium as defined by atwo-phase model dependent on
temperature and the particul ate organic carbon content.

Evidence suggests that the Upper Hudson River PCB |oad can be seen asfar downstream asRM -
1.9. The contribution is estimated to represent about half of the total PCB loading to the New
Y ork/New Jersey Harbor.

Two estimates were made of the PCB inventory sequestered in the sediments of the Thompson
Island Pool, based on the 1984 NY SDEC data. The first estimate, based on a technique called
polygonal declustering, yielded an estimate of 19.6 metric tons (the original NY SDEC estimate
was 23.2 by M. Brown et al., 1988). The second, based on a geostatistical technique called
kriging, yielded an estimate of 14.5 metric tons.

An analysis of the side-scan sonar 500 kHz signal and the 1984 NY SDEC sediment PCB survey
indicated that the acoustic signal could be used to predict the level of sediment PCB
contamination. Acoustic data can be used to separate areas of assessed low PCB levels (mean
concentration of 14.6 mg/kg) from areas of relatively high PCB contamination (mean concentration
of 48.4 mg/kg). Based on this correlation and corresponding changesin river cross-sectiond areg,
maps were created delineating the likely distribution of contaminated sedimentswithin the region
of the river surveyed.

E-7 TAMS/Cadmug/Gradient



° The extent of dechlorination in the sediments was found to be proportional to the log of the total
PCB concentration and had no apparent time dependence. Sediments as old as 35 years were
found where little or no dechlorination was present.

° Below a concentration of 30,000 ng/kg, dechlorination mass loss did not occur predictably and
was frequently 0%. Dechlorination mass loss of greater than 10% of the original total PCB
concentration was limited to sediments having greater than 30,000 ny/kg of total PCBs.

° Some sediments, particularly those in the freshwater Lower Hudson, show substantively higher
molecular weights and lower fractions of BZ#1, 4, 8, 10 and 19. These conditions may be the
result of aerobic degradation during transport from the Upper Hudson.

° Regardless of the sediment type or mechanism, the sediments of the Thompson Island Pool have
historically contributed to the water column PCB load and will continue to do so for the
foreseeablefuture. Itisunlikely that the current loading levelswill declinerapidly in light of their
relatively constant annual loading rates over the last three years.

In conclusion, the sediments of the Thompson Idland Pool strongly impact the water column, generating a
significant water column load whose congener pattern can often be seen throughout the Upper Hudson.
The Phase 2 investigation has a so found anumber of sediment structuresviathe geophysical investigation
which closely resemble the hot spot areas defined previously by NYSDEC. These hot spot-related
structures appear to be intact in spite of the time between the Phase 2 and NY SDEC studies. Given the
strong linkage between sediment and water, the large inventory of PCBs in the Upper Hudson, and the
apparent lack of significant reduction in PCB concentrationsviain situ degradation, itisunlikely that the
water column PCB levels downstream of the Thompson Island Dam will substantially decline beyond
current levelsuntil the active sediments are depleted of their PCB inventory or remediated. Thetimefor
depletion appears to be on the scale of a decade or more and will be investigated further through the
planned computer simulations.
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1. INTRODUCTION

1.1 Purpose of Report

Thisvolumeisthethirdin aseriesof reports describing the results of the Phase 2 investigation of
Hudson River sediment polychlorinated biphenyls (PCB) contamination. Thisinvestigation isbeing
conducted under the direction of the United States Environmental Protection Agency (USEPA). This
investigationispart of athree phaseremedia investigation and feasibility study (RI/FS) intended to reassess
the 1984 No Action decision of the USEPA concerning sediments contaminated with PCBsin the Upper
Hudson River. For purposes of the Reassessment, the area of the Upper Hudson River considered for
remediation isdefined astheriver bed between the Fenimore Bridge at Hudson Falls (just south of Glens
Fals) and the Federal Dam at Troy. Plate 1-1 presentsamap of the genera site location and the Hudson

River drainage basin.

In December 1990, USEPA issued a Scope of Work for reassessing the No Action decision for

the Hudson River PCB site. The scope of work identified three phases:

° Phase 1 - Interim Characterization and Evaluation
° Phase 2 - Further Site Characterization and Analysis

° Phase 3 - Feasibility Study

The Phase 1 Report (TAMS/Gradient, 1991) is Volume 1 of the Reassessment documentation and was
issued by USEPA in August 1991. It contains a compendium of background material, discussion of

findings and preliminary assessment of risks.

The Fina Phase 2 Work Plan and Sampling Plan (TAM S/Gradient, 19924) detailed the following
main data-collection tasks to be completed during Phase 2:

° High- and low-resolution sediment coring;

° Geophysical surveying and confirmatory sampling;
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° Water column sampling (including transects and flow-averaged composites); and

° Ecological field program.

The Database Report (Volume 2A in the Phase 2 series of reports, TAM S/Gradient, 1995) and
accompanying CD-ROM databaseissued in February 1996 providesthe validated datafor the Phase 2
investigation. Thisreport isVolume 2C of the Reassessment documentation and isthethird of aseriesof
sx presenting results and findings of the Phase 2 characterization and andysisactivities. It presentsresults
and findings of water column sampling, high-resolution sediment coring, geophysical surveying and

confirmatory sampling, geostatistical andysisof 1984 sediment dataand PCB fate and transport dynamics.

1.2 Report Format and Organization

The information gathered and the findings of this phase are presented here in aformat that is
focused on answering questions critical to the Reassessment, rather than report results strictly according
to Work Plantasks. In particular, results are presented in away that facilitatesinput to other aspects of
the project. Theremainder of this chapter summarizesthe objectives of each of the investigation programs
reported on here. Chapter 2 presentstheresults of aliterature review and estimate of the current and recent
PCB contribution to the Hudson River from sources other than Upper Hudson River sediments. Chapter
3 providesfindingsand conclusionswith regard to the current and historical water column transport of
PCBsinthe Upper Hudson. A discussion of theinventory and fate of PCBsin sediments of the Upper
Hudson is presented in Chapter 4.

In order to accommodate the amount of materia covered, and to present the materia most usefully,
thisreport is presented inthree books. Book 1 containsthe report text; Book 2 containsall tables, figures,
and plates for the Report; Book 3 contains the appendices.

1.3 Technical Approach of the Data Evaluation and Inter pretation Report

The Phase 2 database contains avast amount of information collected by many agenciesin order

to describethe concentrations, fate, trangport and impacts of PCBswithin the Hudson River. Inthe Data
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Evaluation and Interpretation Report, a subset of the database is examined so as to describe the
geochemical fate and trangport of PCBsin the Hudson. Specificaly, thisandyssfocuses on the results of
the Phase 2 water column, high resol ution sediment coring and geophysi cal investigations supplemented
with datacollected by the USGS, NY SDEC and GE. Thisexaminationisintended to describethe mgjor
geochemical features present within the data, i.e., the mgjor sourcesand sinks of PCBsin theriver along
with substantive in situ alterations. In order to keep the interpretations focused, this examination is
centered on addressing the main issues origindly defined for the Phase 2 investigation. Specificaly, these

issues are;

o What is the nature and size of the PCB load originating in the Thompson Island Pool ?
° What is the likely source of thisload?

° What other sources of PCBs are important to the Hudson?

o What isthe likely fate of PCBs within the Hudson?

° What are the basic mechanisms which govern PCB transport in the Hudson?

° What are the major factors affecting the long term recovery of the Hudson?

In addressing theseissuesthis examination has attempted to interpret the dataiin the context of
conceptual models of PCB fate and transport, avoiding when possible the detail ed analyses more typica
of numerical smulation. Thenumericaly rigorousmodeing analysiswill becompleted later in Phase 2 as
part of the Basdine Modeling Report. In taking this approach, this examination has attempted to describe
themgor features of the dataviagraphicad anadysswhenever possible. Theinterpretations presented here
are primarily focused on the Phase 2 water column sampling period (January-September 1993) with
supplemental examinations of the period 1975 to 1995 viathe use of the high resolution coreresultsand

data from the USGS, NY SDEC and GE.

Animportant considerationin all of theseinterpretationswasthe attempt to describe the major
features of the datain the smplest means possible, effectively using a“ broad brush” to “paint” awell-
supported, general description of PCB geochemistry inthe Hudson. Thus, the report tendsto focuson
large or macro scaefeaturesin thedataset. Conceptual models are presented beginning with the smplest

processes. Additional mechanisms are added only when the smple conceptua mode cannot describethe
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data adequately. These models are intended to serve only asaguide to interpretation and not asabasis
for quantitative extrgpolation to future conditions, whichisaprimary task of the numericad models. Inherent
inthe approach applied here was the attempt to avoid calling upon poorly defined processeswhich are
difficult to constrain and instead to focus the reader on those processes which govern the vast proportion

of the PCBs in the Hudson.

The Phase 2 sampling program was designed with theintent of sampling theriver in such amanner
so asto integrate the net effects of these natural processes and provide a*big picture” or macro scale
perspective of PCB fate and transport. For example, water column transects represent time-of-travel
surveyswhereasingle water parce istracked through the Upper Hudson. In this manner, the water parcd
integratesal important PCB processes asit passesthrough theriver and providesasamplewhichislargely
free of the day-to-day variability in any given source or mechanism. Day-to-day variationsin point sources
areminimized by thisprocesssinceawater parcel isisolated from the source onceit passesby. Insitu
processes can only work internal to the parcel, potentially yielding agradually changing water column
inventory asthe parcel trangtstheriver. 1n both casesvariability isminimized and each sampling station
represents the integration of upstream processes modifying the PCB inventory of the water parcel.
Similarly, the sediment record as obtained via high resol ution sediment cores represents an integration of
annual PCB transport. The Phase 2 analysis of these cores focused on long term variations in PCB
trangport, avoiding the more subtle and lessreliabl e interpretation of minor variability within and among

cores.

A second aspect of the gpproach taken in the Phase 2 Data Evaluation and Interpretation Report
isthefocus on those specific congenerswhich are readily measured in water and sediment dueto their
relatively high concentration (i.e., the major mass contributors). These congener results minimize
measurement uncertainties since nondetect issues are avoided. It isassumed that the understanding
obtained for these congeners can bedirectly applied to thelower level and tracelevel congenerswhich may
be important from ecological or human health perspectives. Factors and fluxes developed for the
congeners representing most of the PCB mass can be gpplied to the low and trace level congeners utilizing

standard phys co-chemical parameterssuch asthe partition coefficient, molecular diffusvity and Henry' s
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law constant aswell asthe relationships (or ratios) of the low level congenersto the high concentration

congenersin the various media.

The USEPA isaware that there may be somerisk in oversmplifying PCB geochemistry by this
approach. However, the gpproach does serveto minimize uncertaintiesintroduced by poorly constrained
or poorly understood processes when they are not needed to explain the mgjor features of thedata. The
Phase2investigationwill rely onthemorerigorous numerical model s produced in the baseline modeling
effort to vindicatethe conclusionsdrawn here. Conversdly, by noting and summarizing theimportant PCB
fateand trangport trendsin aconceptua sense, thisreport identifiesthose featureswhich are most important

for any model to reproduce.

1.4 Review of the Phase 2 I nvestigations

Thissubsection providesareview of the highlights and objectives of each of the various Phase2
investigations covered in thisreport. The ecologica and low resolution coring programs are not discussed

here since they are not covered by this report.

1.4.1 Review of PCB Sources

As stated in USEPA's Responsiveness Summary to the Phase 1 Report (USEPA, 1992b), the
exact initial "ownership” of the PCBs now in the sediments of the Upper Hudson River isnot of direct
relevanceto aremedia decison. In other words, the PCB-contaminated sediments will be considered for
remediation regardiess of their origina ownership. Thus, areview of historica discharge recordsand PCB
sales/purchase records was not deemed essential. However, the Reassessment does require ageneral
estimate of the current and recent PCB contribution from sources other than Upper Hudson River
sediments, including the GE Hudson Fallsand Fort Edward facilitiesand adjoining areas, remnant deposits,
hazardouswaste disposal sites, and dredge spoil sites. The sourcesevaluated in the Lower Hudson River
include tributaries, point-source discharges from wastewater-treatment plants and combined-sewer
overflows (CSOs), and non-point sources such as runoff, landfill leachate, and atmospheric deposition.

The mgjor emphasis for the Lower Hudson isto estimate the contribution from these external, non-

1-5 TAMS/Cadmus/Gradient



sediment, sourcesto ass st subsequent assessment of therelativeimportance of either continued No Action

or remediation of Upper Hudson sediments to the future quality of the Lower Hudson.

1.4.2 Water Column Transport Investigation

The evaluation presented in Chapter 3 of this report is primarily focused on the results of
investigations characterizing the sources, movement, and distribution of PCBsin the water column and
deposited in sediments. The andysisof these dynamicswill ultimately include computer modeling of the
transport of suspended- and dissolved-phase PCBsto alow prediction of future trendsin support of risk
asessment work andtheeffectsof remediation scenarios. Objectivesof variousfieldinvestigationsrelating

to the water column investigation are presented below.

Water Column Transect Study

The mgjor purpose of this study was to investigate instantaneous water column PCB levels,
transport, and sources. Sampling locations are listed in Table 1-1 and shown on Plate 1-2. Table 1-2
presentsalist of the sampling events, dates, and river-environment conditions. Highlights of the study

include:

° A seriesof seven sampling events occurring approximately monthly at 13 stationsin the
Upper Hudson between River Mile (RM) 200.5 (near GlensFdlls) and RM 156.6 (near
Waterford), and spanning the high-flow spring-runoff event;

° Monitoring at severa stationsin the Lower Hudson between RM 153.0 (at the Green
Idand Bridge above Albany) and RM 77.0 (at Highland near Kingston) coinciding with
three Upper Hudson events;

° Timing of sampling at sequential stationsto monitor the same parcel of water moving
downstream in the Upper Hudson; and

° L aboratory experimentsto examinedi ssol ved-phase/suspended-matter partitioning of PCB

congeners and establish equilibrium criteria
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Study objectives include examination or clarification of the following issues:

° Contribution of PCBs to the Upper Hudson from amajor source(s) upstream of Fort
Edward;

° Contribution of PCBsto the Upper Hudson from the Thompson Island Pool and other
areasdownstream of Fort Edward, including the nature of the PCB mixture asit entersthe
river (dissolved or suspended, resemblance to Aroclor mixtures, seasonal variations);

° Factors governing PCB transport and water column concentrations, such as seasona or
flow variations, gas exchange, aerobic degradation, particle adsorption;

° Distributions of dissolved/suspended phases of PCB congeners vis-a-vis equilibrium;

° Use of equilibrium-based assumptions to predict mean PCB transport; and

° Importance of disequilibrium in the Upper Hudson.

Flow-Averaged Sampling

The ultimate god of thisstudy wasto provide ameasure of mean total PCB transport in the Upper
Hudson from BakersFallsto Waterford. 1t representsaperspectiveon river conditions midway between
the instantaneous conditions determined by the water column transect sampling and the long-term average
water column conditions determined by the high-resol ution sediment coring program. Sampling locations
arelisted in Table 1-2 and shown on Plate 1-2. Highlights of the study include:

° Completion of aseriesof six 15-day sampling eventsover aperiod of Six monthsat four
Upper Hudson stations coinciding with water column transect stations;

° Compositing of daily samples at each station over a 15-day period to smooth out
variationsin flow (discharge), suspended-matter load, sediment scour, and contaminant
concentration in order to determine relatively long-term averages of water column
conditions; and

° Cdculation of mean differencesin PCB leve s between sampling stationsto represent net
changes in PCB load resulting from a PCB source, a PCB sink, or dilution in the

intervening river section.
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Study objectives include examination or clarification of the following issues:

° Contribution of PCBsto the Upper Hudson from the Thompson Iland Pool and other
areas downstream of Fort Edward, including the nature of the PCB mixture asit entersthe

river (dissolved or suspended, resemblance to Aroclor mixtures, seasonal variations);

° Contribution of PCBs to the Upper Hudson from amajor source(s) upstream of Fort
Edward;

° Temporal variations in the source of the PCBsin the Upper Hudson;

° Factors governing PCB transport and water column concentrations, such as seasona or

flow variations, gas exchange, aerobic degradation, particle adsorption; and
° Importance of lighter congenersin thetotal PCB mixture, vis-a-vis dechlorination and

source "fingerprinting”, aswell as potential for volatilization, particularly at damsand

spillways.

High-Resolution Coring

This program was intended to address issues concerning historical PCB input, transport, and
dechlorination. The cores collected for this program are interpreted as records of long-term average
conditions of water-borne PCB trangport. Additionally, the cores provide ameansto examinewhen and
wherevarious PCB releasesto the Hudson have occurred. Sampling locationsarelisted in Table 1-3 and
shown on Plate 1-3. Highlights of the study include:

° Collection of atota of 28 sediment coresfrom areasof relatively continuous sedimentation
of fine-grained materid aong the length of the Hudson River from RM 202.7 (near Glens
Fals) to RM -2.1 (in Upper New Y ork Bay);

° Reoccupation of 12 historica sample collection siteswhich had previoudy produced high
quality cores with readily interpretable analytical results; and

° Selection of theremaining 16 locations onthe basis of 55 preliminary cores subjected to
screening for radionuclide abundanceto ascertain the capability of the sediment to produce

an interpretable profile.
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Study objectives relating to PCB transport dynamicsinclude examination or clarification of the

following issues:

° Recent trendsin PCB leve sin sedimentsand, by implication, recent trendsin mean annual
water column PCB levels,
° Nature and extent of current sources of PCBs to the Hudson; and

° Nature and extent of historical input of PCBs to the Hudson.

High-resolution coring datawasa so utilized for other objectives stated in the next section of this

I ntroduction.

1.4.3 Assessment of Sediment PCB Inventory and Fate

Based on sediment samplescollectedin 1977 and 1978, NY SDEC defined 40 areas (termed " hot
spots') with elevated PCB levels (Plate 1-4). Twenty of these hot spots lie within the portion of the
Hudson River from Fort Edward to the Thompson IS land Dam, i.e., the Thompson Idand Pooal (although
the continued existence of Hot Spots 1 through 4 is uncertain due to subsequent dredging in the areafor
channd maintenance), seven arein the portion of the Hudson River between the Thompson Iand Dam
and the dam at Fort Miller, eight are between the dam at Fort Miller and Champlain Canal Lock 5, with
theremaining five hot spotsfarther down river inthe genera vicinity of Champlain Cand Locks 2 through
4.

More recent sediment and contaminant sampling wasdonein 1984 in the Thompson Idand Pool
whereM. Brown et al. (1988) al soidentified regionswhere sediment PCB levelsareelevated. However,
the boundaries of these areas do not precisaly correspond to thehot spotsidentified earlier by NY SDEC.
Theseand earlier sediment samples demonstrated that the sedimentati on and contaminant distribution
patterns can be quite complex, often varying significantly on ascaeof lessthan 125 ft. Thedistribution of
PCB contamination in sediments of the Thompson Idand Poal istheresult of anumber of factors. PCB
releases by the GE facilitiesare certainly the most obviousfactor. However, theremova of thedam at Fort
Edward in 1973, followed by high river flowsin 1974 and 1976, undoubtedly atered the sedimentation

1-9 TAMS/Cadmus/Gradient



patternsand contaminant distribution invarious areas of the pool. High-flow events aso continue to occur
(including possible sediment-transporting eventsin 1979 and 1983), and thusthelocation and concept of
hot spots as defined by NY SDEC gppear to be somewhat of an overamplification of the PCB distribution
patterns. In addition, PCBs in the sediment may be affected by bioturbation and biogeochemical

transformations, such as dechlorination.

Chapter 4 of thisreport isdevoted to an examination of the distribution and inventory of PCBs
within the sediments of the Upper Hudson, most particularly within the Thompson Idand Pool, aswell as
thefate of PCBsin the sedimentsover time. This chapter includes are-andysis of the results of historical
sediment sampling asabenchmark of the PCB inventory and distribution in the Thompson Idand Pool, and
incorporates results of the Phase 2 high-resol ution sediment coring to examine the long-term fate of PCBs
inthe sediments. Results of the low-resolution sediment coring program, intended to measure changesin
theinventory and distribution of PCBs over the last ten to fifteen yearswill be discussed in asubsequent
report.

Sediment Characterization by Acoustic Techniques

Theprimary goa of sediment characterization for this project wasto provide detailed knowledge
of thenature of the bed of the Upper Hudson River through geophysical techniques, specifically acoustic
imaging, of theriver bed supplemented by limited sediment sampling. Acoustic imaging of theriver bed
through the use of Sde-scan sonar for river bottom character, high frequency echo sounding for bathymetry,
and low frequency acoustic subbottom profiling for river bed structure, combined with limited discrete
sediment sampling, providesinformation on river bed character and river bed sedimentsat aresol ution not
obtainable from discrete sampling alone. Integration of results of sonar, bathymetric, subbottom and
sediment sampling studies provides new insightsinto sediment distribution patterns and the processes
responsible for that distribution. Also, these data provide some insights into the patterns of PCB
digtribution within thisregion. For example, itisimportant to know which river bottom structuresare rock
and which are sediment to determine where erasion may occur during future flooding events. Knowledge
of the present day sedimentation patternsin theriver will help to determine where sediments contaminated
with PCBs may have accumulated.
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Sediment characterization studieswere conducted over a14-mile section of the Upper Hudson
River between RM 197.4, immediately above BakersFalls, and RM 183.3at Lock 5, immediately north
of Schuylerville, asshown on Plate 1-5. Thissection of theriver includesthe remnant depositsand 35 of
the 40 PCB hot spots originally designated by NY SDEC.

Confirmatory Sampling Study

Side-scan sonar and subbottom profiling techniquesremotely characterizetheriver bed based on
theinteraction of sound pulsesand the bottom. In order to morefully exploit these remotely collected data
to characterize theriver bed, the team collected sediment samples from anumber of different regions of
theriver for usein"calibrating” the acoustic data. Sampling locations are shown on Plate 1-5. Highlights
of the Confirmatory Sampling program include:

° Collection of samplesfrom 178 sitesin the geophysical study areas (roughly half coring
stesand half grab sampling sites), both from cross-river transects and from sel ected sonar
targets;

° Collection of samplesinareasof fine-grained sedimentsby co-located manua push coring,
one core diced into three four-inch sections horizontally for grain-size and chemical
analysis, the second core used for X-radiographic analysis to determine sediment
structures;

° Collection of grab samplesin areas of coarser-grained sedimentswhere hand coring was
unsuccessful, with the entire sample retained for grain-size and chemical anaysis,

° Geotechnica and chemica (non-PCB) analysisof atotal of 333 samples (219 coredice
samples and 114 grab samples, including duplicates); and

° Comparison of the grain-gize results with the texture and density information provided by

the X-radiography in order to assist interpretation of geophysical investigation results.
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Geodtatistical Analysisof PCB Mass

TheextensveNY SDEC 1984 sediment survey providesthe best basisfor estimating the mass of
PCBs present in the Thompson Idland Pool at agiven time. Establishing thisbaselineis crucial to the
evaduation of remedia options. Certainly, it islikely that the distribution of PCBsin 1984 differsin some
respectsfrom that present now. However, in order to detect such changesit is necessary to provide aclear
picture of what was present at the earlier date. Further, sampling for the current Reassessment cannot
match the scope of the 1984 effort. Using geodtatistical andytica techniques, someinferences on present
conditions, including possible rates of loss, can be drawn by comparing the 1984 results to the less

extensive surveys of the Reassessment.

The objective of this task was to reanalyze the 1984 data using a variety of sophisticated
geostatistical techniques (kriging) to provide the best estimate of total mass and spatial distribution of

concentrations. Highlights include:

° Complete review and reanalysis of 1984 datausing NY SDEC'sraw datafiles, enabling
an independent interpretation of the data;

° Analysis of total PCB mass employing polygonal declustering techniques (Thiessen
polygons), accounting for the effects of sample clustering but not spatia correlation, and
providing an estimate of mass independent of the uncertainties in estimating spatial
correlation structure;

° Subsequent estimation of the spatial correl ation employing more sophisticated kriging
methodol ogiesto examinethe effectsof the gpatia correlation structure on thetotal mass
estimate;

° Development and use of a co-kriging methodology (which alows use of the categorical
mass pectrometer screening datacollected by NY SDEC to provideadditiona information
to the interpolation of concentrations) to map the 1984 PCB concentrations in the near-
surface sediments of the Thompson Island Pool; and

° Manipulation of spatia datain ageographicd information sysem (GIS) for integration with

other components of the Reassessment.
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Study objectives of this evaluation are as follows:

° Estimation of thetota mass of PCBs present in the Thompson Idand Pool in 1984, which
iscrucia to estimating ratesof natural depletion of PCB storesand determining potential
impacts of scour events,

° Delinesation of the spatia ditribution of PCBsin the Thompson Idand Pool in 1984, which
provides a baseline for evaluation of changes in distribution since 1984;

° Spatid integration of near-surface PCB concentrationsfor eva uation of sediment pathways
of exposure to fish and other biota; and

° | dentification of spatia correlation structure of Thompson Idand Pool sediment PCBs, for

evaluation of remedial options.

High-Resolution Sediment Coring Study

In addition to providing arecord of long-term water-borne PCB transport, the cores providea
means to examine the degree of dechlorination of PCBs occurring in the sediments. Highlights of the

program applicable to dechlorination include:

° | dentification of high concentrationsof ortho-substituted congenerswith lesser numbers of
chlorine atoms (e.g., BZ#1, BZ#4, BZ#8, BZ#10, and BZ#19) relative to the
concentrations found in fresh Aroclor mixtures, generally considered to beindicative of
dechlorination products;

° Comparison of dechlorination product concentrationsto total PCB concentrationsyielding
estimates of the extent of dechlorination; and

° Evduation of extent of dechlorination with sediment depth (estimated date of deposition),

total PCB mass, and location in theriver (i.e., distance from Upper Hudson sources).

Study objectivesreating to PCB degradation/dechlorinationincludeexaminationor clarification

of the following issues:
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° Rate of in situ degradation in the Upper and Lower Hudson sediments;
° Anticipated residence time for PCBs in the sediments; and

° Geochemical processes affecting levels of PCBsin the sediments.

1.4.4 Analytical Chemistry Program

A variety of chemical analyseswere performed for the Phase 2 Reassessment program. These
analyseswere performed on an internally cons stent basis among all media sampled under Phase2 so as
to provide a unified measurement scale among these media. These anaysesinclude PCB congeners
analysis utilizing a method developed specifically for this program. Many other parameters were
determined aswdll, including laboratory measurements of grain size (particle size) distribution (by both laser
and sevemethods), tota organic nitrogen, total nitrogen, total carbon, total inorganic carbon, tota organic
carbon (by calculation and by direct measurement), dissolved organic carbon, weight losson ignition,
specific radionuclides (‘Be, ®Co, and **'Cs), percent solids, total suspended solids and chlorophyll-a, as
well asfield measurementsincluding temperature, dissolved oxygen, conductivity, and pH. The sampling
and andytica program isdescribed in detail inthe Phase 2A Sampling and Andyss PlavQudity Assurance
Project Plan (SAP/QAPP) (TAMS/Gradient, 1992c).

The PCB congener analytical methodology as well as the evolution of the list of 126 PCB
congenerswhich were reported for the Phase 2 Reassessment are discussed ingreeter detail in Appendices
A and B (DataUsability Reportsfor the High Resolution Coring and Water Column Monitoring) to this
report; thelist of the 126 (out of atheoretically possible 209) congenersis presented in Table 1-4. A
discussion of thenon-PCB anaysesispresented in Appendix C (DataUsability for Non-PCB and Physica
Data) tothisreport. For both PCB and non-PCB data, detailed descriptions of theanalytica methodsare
provided in the Phase 2A SAP/QAPP (TAMS/Gradient, 1992c). However, asnoted in the Data Usability
Reports, the PCB Congener anaytical methodol ogy was refined and modified dightly during the course

of the Phase 2 Reassessment (see Appendices A and B).
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2. PCB SOURCES TO THE UPPER AND L OWER HUDSON RIVER

21 Background

PCBswere principaly introduced into the Upper Hudson River by General Electric (GE) asa
consequence of capacitor manufacturing occurring at Hudson Falls and Fort Edward. PCBs were
manufactured domestically by Monsanto at their Sauget, [llinoisplant (Versar, Inc., 1976). Estimatesof
thetota quantity of PCBsdischarged from thetwo plantsto theriver from the 1940sto 1977 rangefrom
209,000t0 1,330,000 pounds (based on variousreferences asdescribed in TAM S/Gradient, 1991). In
addition to direct discharges from the two capacitor production facilities, GE may have indirectly
contributed additional PCBsto thewatershed and ultimately to the river asaresult of their practice of
dispos ng manufacturing wastesin nearby landfillsand possibly wastewater collection systems(sewersand
municipal wastewater treatment plants). Morerecently, additional residual discharge of contaminants
continuesto occur asaconsequence of migration of PCBswhich are now known to exist in the overburden

or bedrock at GE’s Hudson Falls and Fort Edward facilities and adjoining aresas.

Other sources of PCBs can aso be envisioned to have existed within the Upper Hudson River
valey. Theseinclude eectric utilities and manufacturers who may have purchased equipment containing
PCBs, paper mills (from paper production as well as from electrical equipment), other industries,
transportation sources, and electrical component scavengers. In addition to these more-or-less direct
inputs of PCBs, the Upper Hudson isa so being affected by redistribution of earlier discharges; landfilling
of dredged materia or contaminated soil isan example of amodified PCB source derived from historical
releases. Also, PCBswere historically introduced throughout New Y ork State by paper millsrecycling
carbonless copy paper (also known as NCR paper) which contained Aroclor 1242. Thetota discharge
of PCBsduring 1977 and 1978 from al recyclemillsin New Y ork State was estimated at amaximum of
20 kglyear (45 Iblyear), with lessthan 2.3 kg/year (5 Ib/year) to the Hudson River from Bakers Fallsto
Troy (NYSDEC, 1978). Thisis, however, aninggnificant amount compared to GE's estimated 14 kg/day
(30 Ib/day) or 5,000 kg/year (11,000 Ib/year) discharges at Fort Edward and Hudson Falls during the
early 1970s (Tofflemire and Quinn, 1979).
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PCBs passing over the Federd Dam at Troy have historically been consdered asignificant source
of contaminant loading to the Lower Hudson River. However, since popul ations throughout the L ower
Hudson basin are considerably greater than in the vicinity of the Upper Hudson, it is reasonable to
hypothes ze that substantial releases of PCBs unrelated to GE operationsat Hudson Falls and Fort Edward
may have occurred to the downstream areas. Particularly withinthe New Y ork City region, discharges
(primarily industrial) may have comethrough uncontrolled combined sewer overflows (CSOs) and from
waste disposal practices (industrial, commercial, and residential sectors) which were not sengitiveto the
long-term problem represented by PCBs. The Phase 1 Report (TAMS/Gradient, 1991) presented an
analysisof historical PCB loadingsover the Federal Dam through 1989; more recent loading estimatesto
the Lower Hudson from the Upper Hudson are presented in Chapter 3 of this report.

2.2 Upper Hudson River Sources

Plate2-1 (NY SDEC, 1993a) identifies PCB-contaminated sites near the Upper Hudson River,
including riverbank sediments (remnant deposits), dredge spoil areas, industria sites, dump sites, and

municipal landfills. A description of each siteis presented below.

2.2.1 NYSDEC Registered | nactive Hazar dous Waste Disposal Sites

Thefollowing sites, which wereincluded in the tabulation of inactive disposal Stesinthe Phase 1
Report (TAMSGradient, 1991), represent known or suspected current or recent sources of PCBsto the
Upper Hudson River. These sites are listed in the NY SDEC Registry of Inactive Hazardous Waste
Disposal Sites.

Niagara Mohawk Power Corporation - Queensbury

NiagaraM ohawk Power Corporation's(NM PC) property on Corinth Road, Queensbury, Warren
County, adjacent to the Hudson River at approximately River Mile (RM) 210, upstream of the Sherman
Idand dam, islisted in the Registry of Inactive Hazardous Waste Disposal Sitesin New Y ork State
(NY SDEC, 1993b) and represents a source of PCBsto the Hudson River. NY SDEC reported elevated
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concentrations of PCBs on the riverbank (37,737 ppm) and on the river bottom (86.5 ppm). According
to NMPC's Remedid Investigation (RI) of thesite, PCBswere believed to have been introduced to the
Steby alesseesdisposd of didectric fluid from capacitors or cooling oil from transformers (Engineering-
Science, 1994). NY SDEC sampled soil at the sitein October 1988 after a citizen complaint resulting from
PCB ail odor. PCB concentrationsin the soil samplescollected in 1988, 1990, and 1991 ranged from less
than 1 ppm to 6,060 ppm. Soil was excavated at the site and disposed at the Modd City, NY landfill by
NMPC asaninterim remedia measure. An Order on Consent was signed by NMPC in January 1992 to
perform an RI/FS on the Site, including river sediments adjacent to the Ste. NMPC released the RI Report
to NYSDEC in May 1994.

NMPC performed asite survey; bathymetric survey; metal detector survey; soil, groundwater,
surface water and sediment sampling; aquatic biologica survey; habitat assessment; and air monitoring of
volatile organic compounds (VOCs). Inaddition, an underwater reconnai ssance survey was performed
by adiver with avideo camera; no potential sourcewasfound, e.g., capacitors, transformers, or drums

(Engineering-Science, 1994).

Sediment, surfacewater, and fish sampleswere collected adjacent to the Sitein the Sherman Idand
pool of the Hudson River near RM 210. Project background sediment and fish samples were collected
inthe Sherman Idand pool about 1.5 river miles upstream of the Queensbury site (at approximately RM
212), inthe Spier Falspool abovethe Spier Fallsdam (at approximately RM 214), and in the Corinth pool
abovethe International Paper Co. (IP) power dam (at approximately RM 218). Soil and groundwater
sampleswere collected on and adjacent to the Queensbury site between Corinth Road and the Hudson
River. Various species of fish were collected and analyzed for PCBs, including cyprinids (minnows),
smaImouth bass, yellow perch, and pumpkinseed. Benthic organismswere collected and classified, but
were not andyzed for PCBs dueto insufficient sample volume. A summary of resultsfor al media, based
uponthe NMPC RI Report, ispresented in Table 2-1. The significance of the contaminated sediments
adjacent to the Queensbury siteis clearly evident in the NMPC Phase 11 fish tissue data, covering the
Hudson River from Corinth near RM 218 to the Queensbury site near RM 210. Mean fish tissue

concentrations for the four species at the four stations are shown in Figure 2-1.
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Itisevident from Table2-1 that the NM PC Queensbury site has contributed PCBsto the Hudson
River sediments and biota. However, based on the NMPC surface water, sediment, and fish data, the
contamination is concentrated near the site and does not extend downstream. NY SDEC analysesof fish
samples (1982 to 1986) downstream of the site and bel ow the Sherman Idand dam, substantiates this
conclusion (Engineering-Science, 1994). The TAMS/Gradient Phase 2 water column data also
subgtantiates this conclusion, with tota PCB concentrationsin river water samples collected from January
to September 1993 downstream of the Queensbury site at Glens Falls (Station 0001 at RM 199.5) and
Fenimore Bridge above Bakers Falls (Station 0002 at RM 197.6) ranging from lessthan 1 ng/L to about
4ng/L. Also, because of the blockage, it isunlikely that the contaminated fish in the pool behind the
Sherman Idand dam will migrate downstream. Morerecent NY SDEC fish datafrom sampling inthisarea

will be reviewed by USEPA for the Ecological Risk Assessment Report phase of this project.

NMPC has been conducting feagibility sudiesfor the Queensbury Ste, including contaminated river
sediments, and is also collecting additional fish samples for analysis (Moreau, 1994, pers. comm.).
NY SDEC issued a Record of Decision for Operable Unit 1 (OU1) of the NMPC Queensbury sitein
March 1995. Operable Unit 1 includes surface and subsurface soil aswell as near-shore sediments which
will be exposed by lowering the river water level. Operable Unit 2 (OU2) consists of contaminated
sedimentsbelow thelowered water level. Remediation at OU1 includesremoving al surface soil in excess
of 1 ppm total PCBs, removing al subsurface soilsin excessof 10 ppm; lowering theriver water elevation
approximately four feet in the affected section; and excavating the exposed contaminated sediments for
subsequent dewatering and disposal (NY SDEC, 1995). Remediation at OU1 was completed in thefal
of 1996. A Record of Decison for OU2 will be evdluated in five years. Fish monitoring and review of
remedia sediment technologieswill be conducted on an annua basis over the next five years (NY SDEC,
September 27, 1996).

General Electric Company - Hudson Falls Plant and Vicinity

NY SDEC has characterized the 25 acresin the areaat and near the GE Hudson Falls plant near
RM 197 asamagjor source of PCBsto the Hudson River (NY SDEC, 1993b). The generd location of the

Hudson Fals steis shown on Plate 2-1 and amore detailed site plan and shoreline profile are shownin
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Plate 2-2. A photographic image of the PCB source areas at and adjacent to the Hudson Falls plant is
shownin Figure 2-2. According to the Reassessment Phase 1 Report (TAM SGradient, 1991) based on
J. Brown et al. (1984), GE used PCBs for capacitor manufacturing at Hudson Fallsfrom 1952 to 1977.
Reported uses consisted mainly of Aroclor 1254 (1952 to 1955), Aroclor 1242 (1955 to 1971), and
Aroclor 1016 (1971 to 1977).

Inthelate 1980s, wastewater generated on Site, potentially containing PCBs, including processand
sanitary wastewater as well as stormwater, was collected and stored on site prior to transport to the
treatment facility at the GE Fort Edward plant, resulting in the cessation of direct dischargesto the Hudson
River from the Hudson Falls plant (Dunn, 1989). However, sncethat time, contamination has been found
insoil and groundwater on site and on adjacent properties, and representsa historical and current source

of PCBs to the Hudson River above the remnant deposits.

Aninvestigation conducted in 1989 found el evated concentrations of PCBs and volatile organic
compounds (VOCs) in soil and groundwater at the Site, including approximately 600 cubic yards of PCB-
contaminated material near Buildings 1A/Tank Farm, 2, 3, 4, and the railroad tracks (Dunn, 1989).
Higtorica operationsat these buildings, including Building 4A, included storage, blending, and refining of
dielectric fluidsfor the impregnation of capacitors (Dunn, 1989). Contamination wasaso foundina
bedrock air plenum bel ow the Building 1 basement and isalikely source of groundwater contamination.
Groundwater flow through fractures, joints, and bedding planesin bedrock, was determinedtobeina
northwest direction toward the Hudson River (Dunn, 1989). Approximately 100 cubic yardsof oily dudge
were removed from the air plenum by GE for off-site incineration in 1989 (NY SDEC, 1993c).

Currently, aRI/FSis being performed under an Order on Consent with NY SDEC at the GE
Hudson Falls site and is divided into three operable units, as defined below:

Operable Unit 1 (OU1) includes contaminated soil areas bel ow the former manufacturing
buildings, extending from Sumpter Street totherailroad tracks, including theformer railcar
off-load areg;

Operable Unit 2 (OU2) includes subsurface source areas bel ow and adjacent to the plant,
but does not include the Hudson River; and
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Operable Unit 3 (OU3) includes areas dong the eastern shore of the Hudson River (see
Figure 2-2), extending from Fenimore Bridge, upstream of the pumphouseand the dam,
downstream to the abandoned Bakers Falls hydroel ectric facility on property currently
owned by NiagaraMohawk Power Corporation, including the abandoned Allen Mills
structure, the eastern raceway, and sediments/debriswithin the raceways, tunnels, and
river.

A Record of Decision wasissued by NY SDEC for OU1 for excavation and off-site land disposal of
approximately 3,000 cubic yards of surficial soil containing more than 10 ppm PCBs, with typical
concentrationsin the range of 500 ppm to 1,000 ppm and amaximum of 75,000 ppm (NY SDEC, 1993c).
Monitoring and remedial operations are in progress at OU2 and OUS3.

Dunn completed an Interim Remedid Investigation for OU2, including field reconnai ssance surveys,
fracture trace analyses, ground penetrating radar survey, pipe and conduit survey, and subsurface
investigations (groundwater, soils/bedding, bedrock, and pipe sediments and water). Principal
contaminantsfoundin soil and groundwater include PCB Aroclor 1242, trichloroethene (TCE), and 1,2-
dichloroethene (DCE). PCB concentrationsin the soil samplesranged from not detected to 250,000 ppm.
PCB concentrationsin shalow and deep bedrock groundwater samplesranged from lessthan 1 ug/L (ppb)
to approximately 1,950,000 pug/L (Dunn, 19944). Isoconcentration contour maps for December 1993
show elevated concentrations of PCBsin bedrock, i.e., greater than 100,000 pg/L, in shallow bedrock
near Buildings 1, 1A/Tank Farm, and 2, and Sumpter Street, with orders-of-magnitude lower
concentrations, i.e., 1 to 10 pg/L, near the river in shallow bedrock. On the other hand, elevated
concentration of PCBsin bedrock, i.e., greater than 1,000,000 pg/L, in deep bedrock were found closer
totheriver near GE'sBuildings 7 and 7A and the abandoned Allen Mills. It should be noted that some of
thereported groundwater PCB concentrationsare several orders-of-magnitudegreater than literaturedata
for the solubility of PCBsinwater; most reported Aroclor solubility vauesarein the 50 to 300 pg/L range
(Montgomery and Welkom, 1990).

Potential contaminant pathwaysfromtheplant totheriver wereinvestigated, including sanitary and
storm sewer lines and bedding, potable water and fire water lines and bedding, tunnel walls, building
foundations, utility linesand bedding, and discharge piping and bedding. Interim remedia measure (IRM)
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activities performed include: dewatering and pretreatment of wastewater from the air plenum prior to
transport to the GE Fort Edward treatment facility; excavation, removal and disposal of pipes and
contaminated bedding material, including themain PCB discharge pipe (002) running from Building 1 to
theriver immediately upstream of Bakers Falls dam; sediment sampling, video ingpection, and cleaning of
the Sumpter Street sanitary sewer adjacent to the plant; and sediment removal and closure of the North

and South Collection Basins (Dunn, 19944).

Elevated concentrations of PCBs, up to 44,000 ppm of Aroclor 1242, werefound in sediments
in a manhole connected to the Sumpter Street municipal sewer (Dunn, 1994b). The sewer, whichis
approximately 13 feet below the street surface and runsthrough contaminated material found below and
adjacent totheplant buildings, historically discharged totheVillage of Hudson Fallssawagetreatment plant
(see Plate 2-1), which in turn discharged to the Hudson River just upstream of Fenimore Bridge,
representing a potential historical pathway of PCBsto the river upstream of Bakers Falls. It has been
documented that the Village of Hudson Fallstreatment plant discharged approximately 1.1 kg PCBs/day
(2.5 Ib/day) in 1975 which was shown to be attributable to GE (Sofaer, 1976). In April 1994, the Sumpter
Street sewer was bypassed by ingtaling anew above-ground sewer at street level adjacent to the GE plant.
Thisalowed municipal wastewater to bypass the contaminated area, prior to discharging to the existing
Washington County Sewer District Pump Station near Bridge Street (Dunn, 1994c¢). Sampling and
remedia activities are ongoing at OU2, which remains a source of PCB contamination to OU3 and the
Hudson River. Thissourceismainly intheform of groundwater flow inthe bedrock fractures, joints, or

bedding planes, from the former capacitor manufacturing buildings to the eastern raceway and river.

Remedial investigationwork for OU3, including the eastern shore of the Hudson River and areas
owned by NMPC, has been performed by O'Brien & Gere Engineers, Inc., under contract to GE.
Conditionsat OU3 have the most significant and direct impact on conditionswithin theriver. Operable
Units1 and 2 arethelikely sources of PCB contamination to OU3 and the Hudson River. The eastern
raceway shownin Plate 2-2 historically supplied Hudson River water from BakersFallstoindudtriesin this
area, including the now-abandoned Allen Mills plant and Bakers Fallshydroel ectric facility. Additiona
hydraulic structureswere used for operationsat Allen Mills, including thetailracetunnel, lower raceway,

turbine bays, drop shafts, and central tailrace, asidentified in Plate 2-2 (O'Brien & Gere, 1994a). The
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falure of gates dong the western wall of the eastern raceway, sometime between 1990 and 1992, allowed
flow to enter the Allen Millshydraulic structures causing amobilization of PCB-contaminated sediments

and debris from the eastern raceway and tailrace tunnel (O'Brien & Gere, 1994a).

Hudson River water column sampling, conducted by GE aspart of their ongoing Remnant Deposit
Monitoring Program, showed elevated concentrations of PCBsin theriver during thistime period. These
include amaximum value of 4,145 ng/L (4.1 ug/L) of total PCBson September 18, 1991 at RM 194.3
(designated as RM 194.2 by GE due to differences in mapping references), near Fort Edward at Rogers
Idand (GE, 19944). Based onthisvaue, thein-river PCB load is estimated to be 33 kg/day (72 Ib/day)
at aflow of 3,230 cubic feet per second (cfs). This can be considered a non-scour period with total
suspended solids (TSS) in thewater column lessthan 5 mg/L. On this same date, with 17 ng/L PCBsat
GE's Fenimore Bridge sampling location (RM 197.1, designated asRM 197.0 by GE), upstream of Bakers
Falls and Hudson Falls OU3, an estimate of the "background” in-river PCB load was 0.1 kg/day (0.3
Ib/day), suggesting that almost the entire load of PCBswasderived from the areafrom Fenimore Bridge
to Rogers|dand, which encompassesthe GE Hudson Fallsand Fort Edward source areas and remnant

deposits.

Sampleswerenot collected at GE's" Canoe Carry" station (RM 196.8), immediately downstream
of OU3 onthewestern shore, during thisperiod. Sampling at this station commencedin March 1992. The
highest in-river concentration of PCBsat RM 196.8, from March 1992 through December 1993, was 721
ng/L on August 13, 1992 (GE, 1994a). Ataflow of 3,310 cfs, the estimated in-river load at Canoe Carry
on this date was 6 kg/day (13 Ib/day), due almost entirely to the sources near Bakers Falls. Elevated
concentrations of PCBswere persistent from June 1992 through October 1992, at both the Canoe Carry
(maximum of 721 ng/L on August 13) and Rogers Idand (maximum of 941 ng/L on September 23)
stations, suggesting that amgjor portion of thein-river load at Rogers|dand was derived from GE Hudson
FalsOU3. Elevated concentrations of PCBsin thewater column persisted through mid-1993. Seepage
at OU3 and water column samplesin the Hudson River down to Rogers Idland showed predominantly
Aroclor 1242 (O'Brien & Gere, 1994a). Theintermittent nature of the sourceisrepresented inthe highly

variable water column concentrations in the river during 1992 and 1993.
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Possible source areas examined in the OU3 investigation includeriver sedimentsfrom Fenimore
Bridge near the former GE Hudson Falls Outfall 002 to the eastern raceway below Bakers Falls dam,
sediments/debriswithintheraceway and various Allen Millshydraulic conduits; contaminant flow through
fractured bedrock; and migration of contaminated material from historical pipe channelsand conduits
(O'Brien & Gere, 1994a). Dewatering of the eastern raceway and reconstruction of the intake gate
structurein April 1993 by Adirondack Hydro Development Corporation (Adirondack Hydro) associated
with rehabilitation of the BakersFallsdam, western raceway, and Moreau Hydroel ectric facility onthe
oppositesideof theriver, dlowed for investigation and remedid activitiesin OU3. Elevated concentrations
of PCBs, volatileand semivolatile organic compounds, and metalswerefound in seepage, surface water,
and sediment in OU3. In addition, PCB-bearing oil-phase (non-aqueous phase liquid, free product)
samples were collected in groundwater and seepage in OU2 and OU3.

Sediments above Bakers Fallsdam near the GE Hudson Falls pumphouse were found to contain
up to 22,000 ppm of PCBs. PCBsin the eastern raceway were detected at maximum concentrations of
390.5 mg/L in seepage water, 942,000 mg/L in seepage oil, and 33,400 ppm in shale fragments. Based
on homologue distributions, PCBs in seepage water throughout OU3 have not been subject to
environmental degradation processesand werecharacterized asunaltered Aroclor 1242 (O'Brien & Gere,
19943a). Sedimentsin thetailracetunnel werefound to contain up to 73,000 ppm PCBs. Inaddition, a
direct discharge of water to theriver from the tunnd contained concentrations of total PCBs ranging from
49.5 ug/L to 410 pg/L.. Assuming aPPCB concentration at the high end of thisrange (say 400 pug/L) and
aflow of 20 cfs (the flow estimate for the lower tunnel contained in O'Brien & Gere, 1994a) would
produce an estimated 20 kg/day (43 Ib/day) external loading of PCBs to the river, which is at
approximately the same order-of-magnitude asthe 33 kg/day (72 Ib/day) in-river loading estimated from

river water column data.

General Electricisalso conducting athree-phase IRM at the Hudson FallsOU3 site, including
installation and operation of atemporary seepage collection system inthe eastern raceway; remova and
disposal of sediments/debrisinthe eastern raceway from theintakewall to the John Street CSO pipe, and
from thetailrace tunnel; and design, installation, and operation of along-term seepage collection system

within OU3 (O'Brien & Gere, 19944). In addition, GE found and removed seven capacitorsfrom theriver
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immediately upstream of Bakers Fallsdam (NY SDEC, 1993d). A reductionin PCB concentrationsin the
river in the second half of 1993 was evident following implementation of IRM tasks and the dewatering of
theraceway. However, PCB concentrationsgreater than those upstream of Fenimore Bridge still existed
in the river downstream of OU3, suggesting a remaining source in the Bakers Falls area. Additional
monitoring will be conducted by GE to further defineremaining sources, prior to performing afeasibility
study for OU3.

Potential sources remaining to be investigated include seepage above and bel ow the dam, lower
raceway sediments, and the eastern raceway south (downstream) of the John Street CSO pipe under the
abandoned BakersFallshydroelectric facility (O'Brien & Gere, 1994a) aswell asthe bedding fromthe
former GE outfall near the pumphouse or the CSO pipe at Bridge Street upstream of Bakers Falls
(NYSDEC, 19944). In June 1994, the pool between thewing dam (identified as"dam ruins' in Plate 2-2)
and BakersFallsdam was dewatered by NM PC by installing flashboards on the eastern side of Bakers
Falsdam. Thisfacilitated additional inspections and sampling by GE of seepage, including avisibleoil
product, from the western wall of the eastern raceway. During this period, GE collected approximately
30 galons of PCB oil from seepsin the wing dam area and subsequently grouted the faults prior to

rewatering.

In 1995, GE constructed a wastewater treatment plant at the Hudson Falls facility to manage
stormwater and remedia wastewater. Wastewater isno longer transported from the Hudson Falls plant
to the Fort Edward plant. Effluent from this new plant discharges to the Hudson River upstream of the
BakersFallsdam. The plant, on-line since December 1995, is permitted to treat up to 250 gpm. Daily
monitoring for theinitial 28-day period indicated that PCB |levelswere bel ow the 65 ng/L detection limit.

Effluent is now monitored every six days to evaluate compliance.

In the summer of 1995, GE removed nearly 800 tons of PCB-contaminated sediments from the
lower raceway (Ports, 1996, pers. comm.). Additional recent work included construction of aninclined
boreholethrough rock in abrecciated zone, approximately 300 feet in length, from the tailrace tunnd back
up toward theplant. Thisalowed additiona ingpection and recovery of PCB product. Additiona inclined
or horizontal boreholes, approximately 20 to 30 feet in length, were installed to intercept and recover
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PCBs. Vertica wellsweredsoinstalled to further definethefull extent of contamination. According to
NY SDEC, bedrock contamination does not extend beyond GE’ s property to the north and the extent of
contamination off-steto the south and east has not been fully defined. Monitoring/recovery wells at the
eastern property line of the Hudson Fallssite have yiel ded abundant amounts of product (about one drum
per week) (Farrar, 19964, pers. comm.). Extensive PCB contamination from the plant totheriverina
westerly direction hasreached the Hudson River. PCBsand VOCswere not detected in deep (below
river level) bedrock wellsinstalled on the opposite side of theriver (right, west bank) near Adirondack
Hydro property suggesting that contamination does not extend to that side of theriver at those locations.

Adirondack Hydro obtained approval from the Federal Energy Regulatory Commission (FERC)
to bypassthe Hudson River flowsat Bakers Falsthrough their generating plant during low-flow conditions
inthe summer of 1996. During that time, GE and NY SDEC inspected and mapped the Fallsto determine
if therewere any additional PCB seepsthrough theriver bed and to eval uate the effectiveness of the 1994
grouting program. During this investigation, new seeps were noticed along the river bottom and it was
determined that the earlier grouting was no longer effective. Inalower (plunge) pool which was not
dewatered, a GE diver filmed additiona seepsof PCB product below thewater level. A collection system
installed by GE in thisarea hasrecently recovered lessthan oneliter of product per day beneath the water
surface (Farrar, 1996b, pers. comm.). Groundwater recovery wells in the area have captured
approximately one liter of product per hour. Additional bedrock and overburden groundwater recovery
wellswill beinstalled by GE on-sitein the near futureto attempt afull-scale recovery of PCB product on
GE property (Farrar, 1996b, pers. comm.). However, asnoted earlier, contamination has migrated off-gte
inan easterly direction and its extent has not been fully defined. USEPA will continue to monitor progress

at the GE Hudson Falls site as part of this Reassessment.

General Electric Company - Fort Edward Plant and Vicinity

The GE Fort Edward plant site, shown on Plate 2-1 near RM 196.5, islisted in the Registry of
I nactive Hazardous Waste Disposd Sitesasa 10-acre " open dump”* which poses asignificant threet to the
public health or environment (NY SDEC, 1993b). GE used PCBsat Fort Edward from 1946 to 1977,
consisting mainly of Aroclor 1254 (1946 to 1955), Aroclor 1242 (1955 to 1971), and Aroclor 1016
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(1971t01977) (TAMSGradient, 1991). Contaminantsfound in soil and groundwater at the siteinclude
PCBsaswedl asVVOCs, such astrichloroethene and tetrachloroethene. GE hasimplemented aNY SDEC-
gpproved Remedia Plan a the site, including remova and disposa of contaminated soil and pumping and

treatment of on-site and off-site groundwater.

Generd ElectricholdsaNew Y ork State Pollutant Discharge Elimination System (SPDES) permit
to dischargetreated wastewater (process, sanitary, stormwater, cooling water, and pumped groundwater)
totheHudson River (NY SDEC, 1993¢). Thetreatment system at Fort Edward includes activated dudge
treatment, flow equadi zation, mixed-mediafiltration, groundwater ar strippers, and carbon adsorption units.
The SPDES permit requires sampling at various|ocationsthroughout the treatment syssem aswell asat the
outfall (Outfall 004) prior to discharging to the Hudson River immediately upstream of Remnant Deposit
3 and adjacent to the southernmost island of Remnant Deposit 1. Wastewater from GE'sHudson Falls
plant, including wastewater associated with the cleanup described above, and leachate and groundwater
pumped from the Moreau Landfill and partidly treated by air strippers, was transported by tanker truck
to the treatment facility at Fort Edward.

The GE Fort Edward outfal | pipewhich was constructed in 1942 on the eastern (left) bank of the
river immediately upstream of Remnant Deposit 3 was | ater buried by river sedimentsand weethered shale
(Dames & Moore, 1994). The outfall was a 30-inch diameter corrugated metal pipe at the base of the
steep cliff onthe eastern shore abovethe current river level. Thewastewater flow from the buried outfall
was seeping through contaminated sedimentsand flowing down theriverbank prior to entering the Hudson
River. NYSDEC, New Y ork State Department of Health (NY SDOH), and GE collected soil and water
samples from areas adjacent to the outfall in November 1993. Total PCBsin the soil near the outfall
ranged from 148 ppm to 5,571 ppm, containing predominantly Aroclor 1242 (Dames & Maoore, 1994).
A composite water sample from the flow discharge contained 14 ug/L PCBs. On March 14, 1994,
NY SDEC issued an Order on Consent to GE to rel ocate the outfal pipe and to provide a more detailed
investigation.

Generd Electric's Revised Investigative Work Plan and Interim Abatement Measure, submitted

by Dames & Moorein February 1994 and included in the consent order, contains the abatement plan

2-12 TAMS/Cadmus/Gradient



which cdlsfor rerouting Outfall 004 from theexisting manholeat thetop of thecliff gpproximately 100 feet
in elevation above the current river level and piping the wastewater directly to the river (subsurface
discharge) approximately 20 to 30 feet downstream of the existing outfall. The new temporary 6-inch
diameter flexible Pv C outfa pipewas constructed on pipe skidsdown the face of the dliff, extending from
the existing manhole to the river, thereby preventing the water from coming into direct contact with
contaminated soils/sediments or bedding materids. The historicd 30-inch diameter outfdl pipewas cut and
sedled at the top of the cliff near the existing manhole and the pi pe sections downgradient, including the
elbow, were removed by GE (Ports, 19943, pers. comm.). Additional work to be performed by GE and
its consultantsinclude areview of historical soilsand groundwater data; review of historical and current
sewer linesand outfall locationsto determine sourcesof PCBsfound inthewater and sediment near Outfall
004; additiond soil sampling including borings and test pits; water sampling including afloat survey; and
aland topographic survey.

Generd Electricissued results of soil, sediment, and seep/water samples collected in March and
April 1994 to NYSDEC (GE, 1994b). Analysis of two riverbank sediment samples collected
gpproximately 150 feet and 300 feet downstream of Outfall 004, yielded results of lessthan 1 ppm PCBs.
Samples of seeps at these locations were found to contain lessthan 0.1 pg/L. PCB concentrationsin
riverbank sediment and seep samples collected approximately 100 feet upstream of the outfall were 8.6
ppm and lessthan 0.05 pg/L, respectively. Samples collected aong theline of the buried pipe showed
elevated concentrations of PCBs, including 0.461 pug/L in standing water in the manhole at thetop of the
cliff, and PCB concentrationsin three seep samplesaong theline of the piperanged from 5.9t0 19.8 ug/L.
A sediment samplein thisarea contained 427 ppm PCBs. Assuming aflow of approximately 200 gpm or
0.5 cfsasan estimate for the seep discharge (Ports, 1994b, pers. comm.) and a concentration of 20 pg/L
(approximate high end of range), an estimate of thetotal PCB |oading to theriver from seepageis0.02
kg/day (0.05 Ib/day) or 9 kglyear (20 Ib/year). Although minor, thisrepresents an additiona source of
PCBsto the River above RogersIdand. The estimates above do not include potential PCB loading

resulting from streambank scour or erosion.

Results of soil and sediment samples collected in June 1994 in the outfall area, subsequent to
installation of the temporary outfall pipein April, werereviewed. Forty sampleswere collected at 19
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locations on the cliff in an area adjacent to Outfall 004 extending approximately 300 feet upstream and
downstream of theoutfdl at variousdevations. PCB concentrationsin samples collected upstream ranged
from lessthan 1 ppm to 4,060 ppm at various depths. PCBs detected in samples collected downstream
of the outfall ranged from 1,760 ppm at adepth of 3 feet near the outfall to 31,800 ppm at the surface
approximately 50 feet downstream. A sample collected approximately 300 feet downstream was found
to contain 5,860 ppm of PCBsin surficia soil/sediment up to adepth of 6inches. PCB concentrationsin
samples collected dong the line of the buried pipe ranged from 139 ppm approximately 20 feet updope
of the outfall, to 44,800 ppm approximately four feet downslope of the former outfall (GE, 1994c).

Inview of the occurrence of eevated concentrations of PCBsin seep water adjacent to the outfal,
abrief review of GE'swater quality monitoring associated with the SPDES requirementswas performed.
Discharge limitations for various effluent parameters areincluded in the SPDES permit for GE's Fort
Edward facility, including adaily maximum limitation of 0.44 pg/L for tota PCBs (Aroclors 1016, 1242,
1221, and 1254 analyzed usng USEPA Method 608) in treated effluent prior to discharging to theriver.
It should be noted that the final SPDES sampling point (identified as 004M) is at the top of thecliff ina
sampling port insde the manhole, upgradient of the contaminated riverbank materia, as described above.
A record of the Discharge Monitoring Report (DMR) datafor the facility from 1991 to April 1994 was
obtained from NY SDEC's Bureau of Water Compliance Programs (NY SDEC, 1994b).

Ingenera, permit holders submit DM Rsto the state on amonthly basis. Dischargelimitationsin
1991 were on amass basis and were 0.002 kg/day (0.0042 Ib/day) for daily average loadings and 0.01
kg/day (0.022 Ib/day) for daily maximum loadings. There were no reported exceedances from January
through November 1991. Since December 1991, at which timethe allowabledaily maximum total PCB
concentration was established as 0.44 pg/L, the datashow nineexceedancesin 29 months (through April
1994). From December 1991 through April 1994, thelimitation was exceeded most recently in April 1994
(0.459 pg/L) and December 1993 (0.500 pg/L), with amaximum concentration of 1.068 pg/L in August
1992. It should be noted that the outfall (004M) is sampled for analysis of PCBsweekly, i.e., oncein
seven days asa24-hour composite, and the maximum of these values (usually at least four per month) is
reported inthe monthly DMR and not theindividual weekly values. Figure 2-3 showsthe outfal PCB data

based on the monthly maximum values. The mean of the 29 monthly maximumsis0.27 pg/L withamean
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monthly maximum flow of 250,000 gpd (174 gpm or 0.4 cfs). Thus, an estimate of the mean PCB loading
upgradient of the contaminated material for the 29-month period is about 2.6x10* kg/day (6x10* Ib/day
or about 2 1b/yr) with amonthly maximum of about 1.2x10° kg/day (2.6x10° Ib/day) in August 1992 (see
Figure 2-3). Asdiscussed earlier, an estimate of the PCB |oading from seeps along the face of the
contaminated bank, downgradient of the SPDES monitoring point, is about 0.02 kg/day.

In addition, elevated concentrations of PCBs were found in wastewater at GE's Hudson Falls
facility prior to construction of the on-site treatment plant at the Hudson Falls site. The wastewater
sampling point at Hudson Falls(004D) potentialy included the IRM wastewater, monitoring well water,
air plenum sump discharge, and OU1 soil excavation dewatering fluids. The 004D outfall water was
trangported to the GE Fort Edward treatment facility prior to construction of the Hudson Fallstreatment
plant. PCB concentrations were reported in the DMR for outfall 004D from October 1993 to April 1994,
with monthly maximum concentrations ranging from 0.3 pug/L in April 1994 to 550 pg/L and 770 pg/L in
December and November 1993, repectively, with amean monthly maximum of gpproximately 200 pg/L
for the seven months. The potential effect of elevated concentrationsin wastewater at GE Hudson Fals
on the GE Fort Edward treatment facility isevident in the elevated concentrations at the outfall at Fort
Edward in December 1993 and April 1994, suggesting a possible overload to the treatment system. No
discharge was reported from the outfal (004E) from the Moreau Landfill groundwater recovery project
from December 1993 to April 1994.

There hasbeen no removal or excavation of contaminated soils or sedimentsin the vicinity of the
former outfal and dong the cliff. GE recently constructed atemporary retaining wall (flashboards) aong
the shoreline near the outfal (about 100 feet in length) and covered the sediments to prevent additional
erosion of contaminated materid into theriver. GE isconducting aFeasibility Study for the contaminated
soilsand sedimentsnear theoutfall. A remedia investigation isongoing at the plant property. According
toNY SDEC, thereiscurrently no significant groundwater migration of PCBsfrom theplant Stetotheriver

(Farrar, 1996, pers. comm.).

Thus, it can be concluded that contamination from the GE Fort Edward site (via the wastewater

pipeline) and adjacent riverbank deposits near the historic and current outfalls represent a recent source
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of PCBsto the Hudson River downstream of Hudson Falls and dightly upstream of Remnant Deposits 2,
3,4, and 5. Thedirect loading to theriver isdifficult to quantify since the sampling required by the SPDES
permit isupgradient of the contaminated riverbank and the seeps represent anon-uniform distributed load.
However, the magnitude of this Fort Edward source (not including potential scour or erosion of the
contaminated riverbank soils/sediments) can be considered relatively minor compared to the GE Hudson

Falls source.

M oreau L andfill

The Moreau Landfill in Saratoga County, shown on Plate 2-1, isaso listed in NY SDEC'sregistry
of inactive hazardous waste disposal sites and was used for the disposal of municipa wastes, paper mill
dudges, and possibly capacitors (NY SDEC, 1993b). The dudge disposed on site contains from 50 to 200
ppm PCBs. According to NY SDEC, contaminated groundwater and leachate flow isin a northwest
direction to the Hudson River, near RM 205. The siteisclassified by NY SDEC as not presenting a
sgnificant threat to the public health or environment and was not eva uated further for potential impactsto

the Hudson River.

Kingsbury and Fort Edward Municipal Landfills

Both the Kingsbury Landfill and the Fort Edward Municipa Landfill are Situated aong the Glens
FallsFeeder Cand inWashington County (see Plate 2-1). Both landfillsarelistedinNY SDEC'sregistry
of inactive hazardous waste Sites resulting from historical disposal of nearly 3,000 tons of scrap capacitors
containing PCB oil and both are classfied as being asignificant threet to the public hedth or environment
(NYSDEC, 1993b). Remedid actionsarein progress at both sitesand GE, under aNY SDEC Order on
Consent, isevauaing potentid off-gte migration of contaminantsfrom both stes. According to NY SDEC,
elevated concentrations of PCBs were found in sediments, groundwater and surface water off-site,

including the Feeder Canal and Cutter Pond.

Aspart of the Phase 2 water column transect sampling program, two water column sampleswere

collected from the Champlain Cana immediately upsiream of Lock 7 in Fort Edward near Route 4. Totd
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PCB concentrations for samples collected in June 1993 (Transect 5) and August 1993 (Transect 6) were
8.6 ng/L and 5.2 ng/L, respectively. The Feeder Canal, shown on Plate 2-1, diverts approximately 100
cfsof water from the Hudson River upstream of the Feeder Dam west of GlensFalsnear RM 202 through
Glens Falls and Hudson Falls to the Champlain Canal Summit between Lock 8 and Lock 9, where
approximatdy 75 cfsisdiverted north to Lake Champlain and 25 cfsisdiverted south towardsLock 7 and
the Hudson River (Macolm Pirnie, 1984). Thus, with aconcentration of 8.6 ng/L (Transect 5) and an
estimated flow of 25 cfs, an estimate of the direct "tributary” |oading from thelandfills (represented by
concentrations in the canal) to the Hudson River at Lock 7 is5.3x10* kg/day (1.2x10° Ib/day) or 0.2
kglyear (0.4 |blyear). NY SDEC and NY SDOH are conducting additional investigations of water, soil,

and fish in the area between the two landfills and the Hudson River.
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Other Sites

Theremaining "dump sStes' shown on Plate 2-1, including South Glens Falls Dragstrip, GE Moreau
(formerly Caputo Dump), West GlensFalls Containment Site, and Old Fort Edward Landfill, have either
been remediated or are currently under remediation and do not represent potential 1oadings of PCBsto the

Hudson River, or insufficient data currently exist to estimate impacts to the Hudson River.

In addition, the Ciba-Geigy plant in Warren County, located between the Glens Falls Feeder Cand
and the Hudson River near RM 198, upstream of Bakers Falls and the GE Hudson Fals Site, isaso listed
inNY SDEC'sregistry of inactive hazardouswaste disposal sites. Contaminantsfound on-siteand inthe
river adjacent to the siteinclude mainly inorganic compounds (metals) and VOCs. NY SDEC did not list
PCBs as achemical of concern at this site and PCB analyses were not performed on Hudson River
sediment samples collected for the Ciba-Geigy RI (Villitis, 1994, pers. comm.). It istherefore not

characterized as a PCB-contaminated site and thus not included in Plate 2-1.

2.2.2 Remnant Deposits

To assesstherecent impact of the remnant depositson conditionsin theriver, GE's1992 and 1993
Post-Congtruction Remnant Deposit Monitoring Program (PCRDMP) reports were reviewed aswell as
more recent data. USEPA's 1984 Record of Decision called for in-place containment of Remnant
Deposts2, 3,4, and 5, including capping and bank stabilization. Theestimated annua scour of PCBsfrom
the remnant deposits was gpproximately 3,900 kg/year (8,600 Ib/year) in 1977 (Macolm Pirnie, 1978).
Remnant Deposit 1, now threeidandsin theriver adjacent to and dightly upstream of the GE Fort Edward
outfall near RM 196.5, was not remediated. Becauseit was not part of the containment program, any
remaining contaminated sediment from Remnant Deposit 1 will be congdered for possibleremediationin
the Phase 3 Feasibility Study.

Aspart of GE's basdine studies, four sediment samples collected in 1989 upstream of Remnant
Deposit 1 and downstream of Bakers Falls contained PCBs up to 3.54 ppm, comprised of approximately
81 percent Aroclor 1242 and 19 percent Aroclor 1254. Total PCB concentrations detected in samples
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collected at the southeast corner of the remnant idand just upstream of the powerline crossing ranged from
lessthan 1 ppm to 99 ppm, comprised of approximately 89 percent Aroclor 1242 and 11 percent Aroclor
1254 (Harza Engineering Co., 1990). Two surficial soil sampleswerecollected by NY SDEC in August
1992 & Remnant Deposit 1. Total PCB concentrations in these sampleswere 1.6 ppm in asample from
alocationinthe center of the southernmost idand and 12 ppm in asample on the downstream face of the
island (Ports, 1994c, pers. comm.). Thus, in addition to the Hudson Falls source, contaminated
soilg/'sedimentsin theremains of Remnant Deposit 1 may continueto be ascourable source of PCBs, via

erosion, to the river upstream of the capped remnant deposits.

Generd Electric's sampling for the PCRDMP cons sted of the collection of weekly water column
samples at three locations, consisting of Fenimore Bridge (Route 27) above Bakers Falls near RM 197,
Canoe Carry at RM 196.8 upstream of the remnant deposits and approximately 0.2 miles downstream of
BakersFallsdam; and Rogers|dand Route 197 Bridgein Fort Edward near RM 194.3. Float surveys
were also performed below Bakers Fallsto monitor amass of water asit travel ed through the remnant
depostspooal. Fivelocationsweresampledinthe center of the channel from BakersFallsto Rogersidand,
including RM 196.8, 196.4, 195.8, 195.3, and 194.7. PCB congener analyses (Method NEA-608) or
PCB Aroclor anayses (EPA Method 8080) were conducted on these samples, with amethod detection
limit of 11 ng/L on awholewater basis, i.e., the water samples were not field-filtered into dissolved and
suspended matter (particulate) fractions (O'Brien & Gere, 1993a). The Fenimore Bridge station was
cons dered background with PCB concentrationsin 1992 generdly lessthan 11 ng/L and amaximumvaue
of 44 ng/L inJuly 1992. Geometric mean concentrations at Canoe Carry and Rogersldand from March
1992 through December 1992 were54 ng/L. and 113 ng/L, respectively (O'Brien & Gere, 1993a). Thus,
either the PCB sourcefrom GE Hudson Fallswasinsufficiently mixed acrossthewidth of theriver a the
Canoe Carry sampling point, or aportion of thein-river load at Rogers |dand was derived from an area
below RM 196.8 rather than the Bakers Falls area

According to GE, datafrom the 1992 PCRDM P showed that approximately 60 percent of the
PCB massin the water column at Rogers |sland was detected upstream of the remnant deposits below
Bakers Fals and the GE Hudson Falls sources. Elevated concentrations at Rogers Idand resulted from
"secondary remobilization of PCBs from the Bakers Falls source” which were stored in the remnant

depostspool with " contributions of PCBsfrom the remnant depostsbeinginggnificant” (O'Brien & Gere,
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1993a). It wasthusconcluded that € evated concentrations of PCBsin the remnant deposits pool were
primarily aresult of an"unidentified upstream source(s) in thevicinity of BakersFalls' (O'Brien & Gere,
1993a) asdescribed previoudy. Thehomologueand congener distributions of thein-river water column
samples downstream of Bakers Fallsto Rogers|dand analyzed by GE showed predominantly Aroclor
1242, while the Hudson Falls source was characterized as undtered Aroclor 1242. 1t wasaso shown by
GE that elevated concentrations of PCBs did not correlate with high flow and high concentrations of tota
suspended solids (TSS) inthewater column, suggesting that the PCB |oad occurred during non-scouring
periods and wastherefore not aresult of scouring or erosion of the remnant deposits (O'Brien & Gere,
1993a). The USEPA has not critically reviewed this conclusion at this time.

Mean total PCB concentrationsat GE's Canoe Carry and Rogers |dand sampling stationsfor the
1993 PCRDMP were 19 ng/L (standard deviation of 39 ng/L) and 38 ng/L (standard deviation of 169
ng/L), respectively, showing areduction of in-river PCB concentrations compared to the 1992 PCRDMP,
likely the result of remedial measures performed at Hudson FallsOU3 (O'Brien & Gere, 1994b). Ata
meanriver flow of 6,275 cfsduring GE's sampling period, these mean PCB concentrationstrandateinto
mean in-river loads of approximately 0.3 kg/day (0.6 Ib/day) at Canoe Carry and 0.6 kg/day (1.3 Ib/day)
at RogerslIsland. According to GE, PCB sources still persisted in the Bakers Falls area and were
controlling water column concentrationsin the remnant deposits pool, which remains as an unaltered
Aroclor 1242 (O'Brien & Gere, 1994b).

Genera Electric also submitted the 1995 results for the PCRDMP to USEPA (GE, February
1996). Sampleswere collected every week or every other week for atotal of 33 sampling eventsin 1995.
Tota PCB concentrationsranged from not detected (lessthan 11 ng/L) to 381 ng/L (December 27, 1995)
with amean of about 32 ng/L (non-detected vaues, lessthan 11 ng/L, weretaken as5.5 ng/L) in samples
from the Route 27 bridge above the Bakers Falls dam; lessthan 11 ng/L to 273 ng/L. (June 7) with amean
of 32.5ng/L at the Canoe Carry station below BakersFalls; lessthan 11 ng/L to 362 ng/L (December 27)
with amean of 50 ng/L at the Rogersdand station; and from 14 ng/L to 237 ng/L (June 7) with amean
of 88 ng/L at the Thompson Idand station. The summer 1995 data show an increase in PCB loading
between the Rogers Idand and Thompson Idand Dam stations. Thiswill be discussed in more detail in
Chapter 3.
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2.2.3 Dredge Spoil Sites

Severd of New Y ork State Department of Transportation's(NY SDOT) dredge spoil sites, which
were used for disposal of sediments generated from channel maintenance dredging operations on the
Hudson River/Champlain Cand, areincluded in NY SDEC'sregigiry of inactive hazardous waste disposal
sites. Theseinclude Old Moreau Dredge Spoil Area, "New" Moreau Dredge Spoil Disposal Site, and
Specia Area 13, in Saratoga County, and Buoy 212 in Washington County. Thesefour sites have been
capped to prevent direct contact and inhalation exposures, as well as minimizing the quantity of
contaminated |eachate that would be generated. However, NY SDEC has stated that the Sites discharge
drainage water or groundwater to the Hudson River and possibly contribute to the ongoing fish

contamination problem (NY SDEC, 1993b).

NY SDEC conducted astudy in 1978 of migration of PCBsfrom landfills and dredge spoil sites
in the Upper Hudson (Weston Environmental Consultants (Weston), 1978). Estimates were made of
potentia PCB losses and migration, including lossesviagroundwater and surface erosion, prior to closure
of many of thesites. The study concluded that the potential PCB migration through groundwater into the
river at that time ranged from approximately 5x10°® to 2 kg/year (107 to 4 Ib/year) for each site and that
thetotal quantity of PCB migration potential through groundwater was negligiblein comparison to other
channels of PCBs into the Hudson River (Weston, 1978).
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NY SDECandNY SDOT (now NY State Thruway Authority-Officeof Canals) performmonthly
ingpectionsand groundwater monitoring at these sites. Total PCB concentrationsin samplescollectedin
May 1994 at six monitoring wellsand drainsat New Moreau ranged from 0.24 pg/L to 2.22 pg/L; PCBs
were not detected (less than 0.1 pg/L) in five samples collected at Special Area 13; and PCB
concentrationsinfive samplescollected a Buoy 212 ranged fromlessthan 0.1 pg/L t0 0.14 pg/L (Jermano,
1994). According to NY SDEC, the capped but unlined dredge spoil areas"do not appear to contribute
substantially to the river's contamination, but pose risks to the public near these sites due to potential

groundwater and air contamination” (Dergosits, 1994, pers. comm.).

2.2.4 Other Upper Hudson Sources

Tributariesto the Upper Hudson River are dso potentia sources of PCBs. Water column samples
were collected for PCB congener andyses as part of the Phase 2 water column transect sampling program
at major tributariesto the Upper Hudson River, including the Batten Kill, Hoosic River, and Mohawk
River, aswell asthe Champlain Canal above Lock 7. A discussion of the results of these analysesis
presented in Chapter 3. Other potential sourcesto the Upper Hudson, such as runoff and atmospheric

deposition, were not considered significant for this Reassessment.

2.3 Lower Hudson River Sources

The Phase 1 Report (TAMSGradient, 1991) presented an analysis of PCB sourcesto the Lower
Hudson River, i.e, thetida estuary from the Federa Dam (RM 153.9) to the Battery at the southern tip
of Manhattan (RM 0), and New Y ork/New Jersey (NY/NJ) Harbor. The discussion of sourcesto the
Lower Hudson wasintended to examine the recent Upper Hudson contribution in the context of other
downstream loadings so that the effects of any proposed remediation of Upper Hudson River sediments
can be assessed for the Lower Hudson. Sediments in the Lower Hudson are not considered for

remediation under this Reassessment.
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2.3.1 Review of Phase 1 Analysis

The tabulation of loading estimates presented in the Phase 1 Report (Table A.2-2 in
TAMS/Gradient, 1991) isreprinted herein as Table 2-2. The sourcesfor these data are described in detall
inthePhase 1 Report. Ranges of loading estimates, rather than a specific number or percentage, were
provided dueto theinherent uncertainties associated with the estimates, many of which were based on
models constrained by asmall number of actual measurements made in the 1970sand early 1980s. The
ranges of loads provided in Table 2-2 are more representative of conditionsin the early 1980srather than

the early 1990s. An update of these loading estimatesis provided below.

2.3.2 Sampling of Point Sourcesin New York/New Jersey (NY/NJ) Harbor

USEPA's Officeof Wetlands, Oceans, and Watersheds (Region 11) has sampled and analyzed for
low level concentrations of PCB congenersin point sources to the NY/NJ Harbor, including sewage
treatment plant (STP) influent and effluent, and tributaries. The objective of theinvestigation wasto use
updated analytical methodsto properly evaluate and quantify recent PCB loadingsto the estuary, which
has among the highest concentrations of PCBs in sediments along the coastal U.S. (Battelle Ocean
Sciences, [Battdle], 1992). Surface water sampleswere collected a four locations throughout the Harbor
(identified as "tributaries"), including Hudson River, Passaic River, Hackensack River, and Raritan River.
Wastewater sampleswere collected at five Publicly Owned Sewage Treatment Works (POTWSs), including
North River, Wards|sland, Newtown Creek, Owls Head, and Passaic Valley. Approximate sampling
locations are shown on Plate 2-3. For this point source study, concentrations were reported for atota of
50 congenersrepresenting al ten homol ogue groups, the TAM S/Gradient Phase 2 study reported 126
congeners. Both studiesused high-performance capillary gaschromatography/el ectron capture detection
(GC/ECD) techniques. Approximatedetection limitsfor totd PCBswere5to 20 ng/L for influent samples,
2t0 10 ng/L for effluent samples, and 1 to 5 ng/L for river water samples (Battelle, 1993). It should be
noted that the USEPA point source study reported concentrationsonly. Theloading estimates, i.e., kg or
Ib PCB</day, presented bel ow were cal cul ated from the concentration datafrom the point source study

with flow estimates from other studies.
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Combined Sewer Overflows (CSOs)

Wastewater influent streamsto four mgjor wastewater treatment plantsin New Y ork City and New
Jersey were sampled during storm eventsin December 1992 and January 1993 to represent CSOs. A
compositeinfluent samplewas collected a each plant during POTW bypassesover arainfdl period of 100
to 225 minutes (Battdlle, 1993). Figures2-4 and 2-5 show the results of the four influent samplesand one
duplicate on acongener basis and homologue basis, respectively. Resultsfor each sample, including tota
PCB valuesand Aroclor designations, as determined by Battelle, areincluded in Table 2-3. It should be
noted that these samples are not representative of normal dry weather influent to atreatment plant, but

rather represent wet weather CSO conditions.

Asshownin Table2-3, resultsfor theinfluent samplesrange from 55 to 400 ng/L total PCBs, with
amean concentration of approximately 200 ng/L (0.2 ug/L). Thisisin relative agreement with thevalue
of 150 ng/L used in the Thomann et al. (1991) model for urban runoff. According to arecent study
conducted for USEPA, approximately 355 cfs of the total freshwater flow input to the Lower Hudson and
Harbor of 27,500 cfsisfrom CSOs (Hydroqual, Inc., 1991). Thus, assuming amean concentration of 200
ng/L total PCBsfor atypical CSO and an average annual flow of 355 cfs, an estimate of the entire CSO
load to the estuary is 0.2 kg/day (0.4 Ib/day), ranging from 0.05 kg/day (0.1 Ib/day) at 55 ng/L to 0.4
kg/day (0.8 Ib/day) at 400 ng/L. Thisis consstent with the 1993 projected CSO load of 0.3 kg/day (0.6
Ib/day) from the Thomann et al. model (see Subsection 3.5.1).

Pursuant to Section 308 of the Clean Water Act, USEPA Region || hasrecently required additiona
dataon PCB concentrationsin CSOsfrom municipalitiesin New Y ork City and New Jersey discharging
to the Hudson River and Harbor, including NY City Department of Environmenta Protection (NY CDEP)
and numerous public sewerage authoritiesin New Jersey. USEPA’s Water Management Division
summarized resultsof theseinvestigations (Chen, 1995aand 1995b). According to USEPA, an estimate
of the 1995 PCB loading in CSOsfrom NY Cis0.11 kg/day (0.24 Ib/day) (Chen, 1995a) and from New
Jersey is0.03 kg/day (0.07 Ib/day) (Chen, 1995b). Thus, an estimate of thetotal PCB load from CSOs
would be 0.14 kg/day (0.31 Ib/day) whichisin generd agreement with load ca culated abovefor 1993 (0.2
kg/day or 0.4 Ib/day).
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Sewage Effluent

Wastewater effluent streamsfrom five mgor treatment plants were sampled in November 1992.
A 24-hour composite was collected at each treatment plant during dry weether, representative of normal
flow conditions (Battelle, 1993). With the exception of the Passaic Valley effluent sample which was
collected post-chlorination, the effluent sampleswere collected prior to chlorination. Figures2-6 and 2-7
show theresults of thefive samplesand one duplicate analysis on acongener basisand homologuebasis,
respectively. Tota PCB valuesand Aroclor designations areincluded in Table 2-3. 1t should be noted

that influent and effluent samples were collected on different dates under different flow conditions.

Asshownin Table2-3, theeffluent sampleresultsrangefrom 10 ng/L to 100 ng/L total PCBs, with
amean concentration of approximately 40 ng/L (0.04 pg/L). TheThomannet al. modd estimate of trested
sewage PCB concentration (100 ng/L) isin genera agreement with the USEPA data, but at the high end
of therange. Itisinteresting to note that the data show an approximately 70 percent to 90 percent
reduction in total PCB concentration from the treetment operations. Thisislikely aresult of volatilization
of the less-chlorinated congeners during aeration operations and partitioning of the more-chlorinated
congeners during settling operations. Using 1992 plant flow data presented by the Interstate Sanitation
Commission (1SC, 1993) and USEPA's concentration data, estimated loadingsfrom thefive plants, aswell
asan estimate of the entire PCB |oad to the L ower Hudson and Harbor from all sewage treatment plants,
areshownin Table 2-4. Thetotal averageflow from the five plants which were sampled (1,145 MGD)
represents dightly lessthan half of the total sewage flow to the Lower Hudson River and Harbor (2,500
MGD). Asshownin Table 2-4, an estimate of the PCB |oading from sewage effluent to the L ower Hudson
and Harbor, based on USEPA's analysis of PCBsin wastewater with the reported flow data, is0.4 kg/day
(0.91b/day). Thisshould be considered an order-of-magnitude estimate only, sinceit is primarily based
on only five concentration values. Asacomparison, asshown in Subsection 3.5.1, the Thomann et al.

model-predicted load from sewage in 1993 is 0.6 kg/day (1.3 |b/day).

For the New Y ork City Department of Environmental Protection (NY CDEP), Battelle analyzed
influent and effluent samples collected from fourteen NY City sewagetreatment plants during two dry
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wesather eventsin 1994 (Battelle, 1994). Since the influent was sampled during dry weather events, the
influent concentrations can not be used as estimates of CSO concentrations. Battelle reported
concentrations asthe sum of 20 target PCB congenersaswell asthe sum of 71 congeners. Effluent tota
PCB concentrationsranged from lessthan 20 to about 70 ng/L, with an average of about 30 ng/L. Utilizing
the reported sum of 71 congenersfor each plant, which represents about 90 to 95 percent of the total PCB
concentration (Battelle, 1994), and 1994 plant flow datafrom the | SC, an estimate of the total PCB load
from the fourteen city plantsis 0.2 kg/day (0.5 Ib/day), with the largest contribution (about 0.17 |b/day)
from the Newtown Creek plant (an estimated load of 0.11 Ib/day from this plant was cal culated with the
1992 USEPA data; see Table 2-4). The total average flow from these fourteen plantsis about 1,700
MGD, or 68 percent of thetotal sewage flow to the Harbor. Asshown in Table 2-4, an estimate of the
PCB loading from sewage effluent to the Lower Hudson and Harbor, based solely on USEPA's 1992
analysisof PCBsin wastewater from four NY City plants and one New Jersey plant (Passaic Valley), is
0.4 kg/day (0.91b/day). A significant portion (0.23 Ib/day) of the estimated load (0.9 Ib/day) based on
datacollected for USEPA (Table 2-4) was derived from the Passaic Valley plant in New Jersey which
discharges wastewater to the Upper Bay (see Plate 2-3). Thus, the loading estimate based on 1994
effluent datafrom thefourteen NY City plants (about 0.5 Ib/day) islessthan thetota loading estimateto
the Harbor (about 0.9 Ib/day) based on the data collected by USEPA in 1992.

Pursuant to Section 308 of the Clean Water Act, USEPA Region || hasrecently required additiona
dataon PCB concentrationsin sewage treatment plant effluent from municipditiesin New Y ork City and
New Jersey discharging to the Hudson River and Harbor, including NY CDEP and numerous public
sewerageauthoritiesinNew Jersey. USEPA’ sWater Management Division summarized resultsof these
investigations (Chen, 1995aand 1995b). Accordingto USEPA, an estimate of the 1995 PCB loadingin
sewage effluent from NY C is 0.14 kg/day (0.31 Ib/day) (Chen, 1995a) and from New Jersey is 0.07
kg/day (0.15 Ib/day) (Chen, 1995b). Thus, an estimate of the 1995 total PCB |oad from sewage effluent
would be 0.21 kg/day (0.46 Ib/day) which islessthan theloading estimate (0.4 kg/day or 0.9 1b/day) based
on the data collected by USEPA in 1992 as presented in Table 2-4.
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Tributaries

Surfacewater (estuary) sampleswerecollectedin November 1992 at four locationsin the Harbor
as shown on Plate 2-3, including the Hudson River just upstream of the Harlem River near the
Bronx/Westchester border, and near the mouths of the Passaic River, Hackensack River, and Raritan
River, in New Jersey. Single grabs at a depth of approximately three feet were collected at al of the
stations, except for the Hudson River sample which was a composite of four grabs at two depths at two
locationsacrosstheriver (Battelle, 1993). Figures2-8 and 2-9 show theresultsfor thefour estuary water
samples and one duplicate analysis on acongener and homologuebasis, respectively. Total PCB vaues
and Aroclor designationsareincluded in Table 2-3. Asexpected, estuary water concentrationswere lower
than thosein either CSOs (influent to sewage treatment plants during wet weather) or treated effluent,

ranging from 13 ng/L to 26 ng/L with a mean concentration for the four water samples of 23 ng/L.

It should be noted that al values and homologue distributions are in close agreement asaresult of
the well-mixed nature of the tidal Harbor and the geographical proximity of the sampling locations,
especialy the Hackensack River and Passaic River samples, asshownin Plate 2-3. Theriver samplesdo
not represent "tributary inflow" to the Harbor since the sampling points are located within thetidal estuary
andexhibit significant salinities. Theconcentrations, therefore, cannot be ascribed to thefreshwater flow
of thereferenced tributary. Itisthusingppropriateto estimatetributary |oadingsfrom the point source sudy
concentration data, and an indirect estimate of thetributary loading to the Lower Hudson and Harbor,

based on Phase 2 water column data analyses, is presented in Chapter 3.

A recent study by NY SDEC' s Bureau of Monitoring and Assessment (Litten, 1995) reveded that
the highest concentrations of PCBsin NY/NJHarbor are in Newtown Creek and Gowanus Canal in
Brooklyn (KingsCounty) andinthe Arthur Kill and select tributariesin Staten Idand. Water sampling was
conducted with a semi-quantitative sampling procedure using passvein-gtu chemica extraction samplers
(PISCES). PISCESisconsidered asemi-quantitativetool inthat it does not sample particulate-bound
analytes and is affected by water turbulence (Litten, 1995). Elevated aqueous concentrations were
detected in tributaries to the Harbor or tidal basing/inlets from 1991 to 1993, including Gowanus Cand in
Brooklyn (PISCES-derived total PCB concentration of 533 ng/L), and tributaries of the Arthur Kill in
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Staten Idand, including Sawmill/Pralls Creek (3,642 ng/L), MerrillsCreek (457 ng/L), and Mill Creek
(705 ng/L) (Litten, 1995). Typical PISCES surface water concentrationsin tributaries/tidal basins
throughout the Harbor range from less than 10 ng/L to about 60 ng/L. As stated above, the mean
concentration for four water samples collected by USEPA in 1992 intheHarbor is23 ng/L. Itisclear
from NY SDEC'’ s PISCES data that certain limited areas of the Harbor within New Y ork City are
significantly impacted by local sources of PCBs.

2.3.3 Other Downstream External Sour ces

Additional PCB sources, not directly measured by USEPA, include stormwater, atmospheric
deposition, and leachate. Stormwater, i.e., runoff in areaswithout CSOs, can aso be asignificant source
of PCBs. An estimate of the average annual stormwater flow to the Lower Hudson and Harbor is
approximately 1,000 cfs (Hydroqual, Inc., 1991). Assuming an average concentration of PCBsin
stormwater of 100 ng/L, based on Thomann's estimated concentrations of 150 ng/L in urban runoff and
50 ng/L inrura runoff (Thomann et al., 1991), an estimate of thetotal PCB |oad from stormwater would
be 0.25 kg/day (0.5 Ib/day). Using the average CSO (mixture of sanitary wastewater and stormwater)
concentration of approximately 200 ng/L from USEPA data (see Subsection 2.3.2 above), another
estimate of the stormwater |oad would be about 0.5 kg/day (1 Ib/day). Thisrepresentsan upper-bound
estimate, assuming sewage (municipal and industrial wastewater discharged to sewers) is more

contaminated with PCBs than stormwater.

Since no new data have become available on PCBs in leachate and atmospheric sources, the
Thomann et al. model predicted |oads (see Section 3.5) of 0.01 kg/day (0.031b/day) for |eachate and 0.07
kg/day (0.16 Ib/day) for atmospheric deposition will be used as best estimates.

Anintegrated estimate of the gross 1993 PCB |oadings to the Lower Hudson River and Harbor,

including the loading from the Upper Hudson River, is presented further in Chapter 3 of this report,

following the discussion of the Phase 2 water column data analyses.
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3. WATER COLUMN PCB FATE AND TRANSPORT IN THE HUDSON RIVER

One of the main goals of the Phase 2 investigation isto improve the understanding of PCB fate
and transport within the water column of the Hudson River. To this end, the Phase 2 investigation
included instantaneous and |ong-term water column monitoring aswell as an examination of historical
water column transport as recorded by dated sediment cores. This section of the report discusses
water column fate and transport processes as well as the results of the Phase 2 water column

investigation.

Inherent in the interpretation of the Phase 2 data, and for that matter amost any dataset, is an
underlying set of assumptions concerning the environment in which the sampleswere collected. These
assumptionsform the basisfor the construction of conceptual model swhich then provide aframework
for interpretation of the data. In this chapter, severa conceptual models have been applied in the
analysis of the Phase 2 data. These models are described in the various sections where they are
applied. These models follow the general technical approach outlined in Section 1.3 in that they

attempt to explain the data with a minimum number of terms and factors.

Since the Phase 2 investigation began, several events occurred which affected the PCB
loadingsto theriver, specifically those originating from the area of the GE Hudson Fallsfacility. As
described in Section 2.2.1, the leakage of PCB-bearing oils and the failure of structures within the
Allen Millsfacility produced several large releases over the period September 1991 to June 1993.
Since January of 1993, GE under the direction of NY SDEC has implemented a series of control
remedies which appear to have greatly reduced the PCB releases from the area. The Phase 2 water
sampling program coversthe period January to September 1993 and thus represents conditions before

and after the implementation. Because the Phase 2 program was designed to study geochemistry in

detail and not to ssmply monitor loads, the program was abl e to take advantage of the circumstances of
1993. The wide range of water column PCB concentrations found in 1993 provided data on the
behavior of water-borne PCBs over abroad range of conditions. Thus, the interpretations presentedin
this chapter can be expected to apply to future river conditions regardless of the success of GE's

remedial activities at Hudson Falls.
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This chapter is organized into five main sections plus asummary. Section 3.1 examinesthe
estimation of congener-specific sediment-to-water partition coefficients based on Phase 2 datausing
two- and three-phase models of PCB water column chemistry. The information in this section
provides the basis for interpreting the relationship between dissolved and suspended matter-borne
PCBs at each river monitoring location. PCB porewater and sediment data collected by GE are also
examined inthissection. Theresults show that alinear equilibrium model of PCB partitioning, based
on congener, temperature, and suspended-matter organic carbon content, provides a good

representation of the phase distribution of PCBsin the water column.

Section 3.2 discussesthe results of the Phase 2 water column monitoring program and presents
estimates of water column fluxes for the period January to September 1993. Based on both
instantaneous and 15-day mean measurements, the Tl Pool sediment source was shown to be the
dominant PCB source to the water column in 8 out of 9 months of monitoring. This source released
less-chlorinated PCB congeners which were predominantly found in the dissolved phasein the water
column. These congeners are typical of dechlorinated sediments found in the Pool, strongly
implicating the sediments of the pool asthe source. Loadings from the area of the GE Hudson Falls
facility were also detected and are easily distinguished from the Tl Pool sediment source. The
investigation below the Pool concluded that the River actslargely asaconduit to Troy with relatively
little downstream change in the total PCB loading originating above the Tl Dam.

Section 3.3 presents information on long-term water column transport using dated sediment
cores collected during Phase 2, as well as GE and USGS water column monitoring data. The first
three subsections describe the sediment core dating process, establish the link between suspended
matter and dated sediment cores, and discuss the results of the dated sediment core interpretation.
Based on thisinterpretation, the dated sediment cores demonstrate the importance of the Hudson Falls-
TI Pool loadings over the period 1975 t0 1992. The cores show aconsistent pattern over timeof PCB
release from the Hudson Falls-TI Pool areawith subsequent transport and dilution downstream, i.e.,
sediments from the same time horizon steadily decrease in total concentration while maintaining the
congener patterns seen in upstream coring locations. Closer examination of these loads asintegrated
by the sediment cores showed the presence of Aroclors 1242, 1254 and 1260 in the current discharges
and suggested that the Hudson Falls-T1 Pool |oad has represented at |east 80 percent of the total water
load at Albany and about 50 percent of the total load to the Harbor over the period 1982 to 1992.
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Section 3.3 aso contains discussions of GE and USGS water column monitoring data. These
data provide a coarser, longer-term examination of water column conditions as compared to the
Phase 2 water column data. In general, the GE and USGS data support the findings based on Phase 2
data. In particular, the GE data show the importance of the Tl Pool sediment source for the period
1991 to 1995. The GE data also document the characteristics and size of the recent large releases
from the GE Hudson Falls facility.

Section 3.4 compares and integrates the resultsfrom the Phase 2, GE and USGS discussionsin
Sections 3.2 and 3.3, while Section 3.5 presents a quantification and integration of PCB loadingsto

the Lower River andthe NY/NJHarbor. Section 3.6 isasuccinct list of conclusionsfor this chapter.

3.1 PCB Equilibrium Partitioning

The fate and transport of PCBs and other hydrophobic chemicalsinnatural watersislargely
controlled by their sorptive behavior in which particle-reactive sorbates, e.g., PCBs, become attached
or sorbed to particulate matter (the sorbent). At dilute concentrations, alinear relationship between
particle-sorbed and dissolved concentrations is observed at equilibrium for reversible sorption.
Sorption to particulates is believed to occur primarily to the organic matter fraction. However,
sorption to dissolved organic matter may also play an important role. Models of equilibrium
partitioning are generally presented as two-phase or three-phase models. In atwo-phase system, the
sorbate is considered to be either in the particulate or water fraction, where the latter fraction is
operationally defined as the portion passing through a filter, but may include both truly dissolved
sorbate and sorbate bound to dissolved or non-filterable organic matter. Three-phasemodelstreet the
fraction sorbed on dissolved organic matter as a separate phase. A three-phase representation has
theoretical advantagesfor understanding movement and bioavailability of PCBs, but presents practical
difficulties for implementation due to the difficulty of analytically separating truly dissolved sorbate
from sorbate bound to dissolved organic matter.

An important result of the partitioning analysisisthat it provides an indication of the validity
of equilibrium-partitioning assumptions. The proposed fate and transport modeling framework
assumesthat the distribution of PCB congenersin the Hudson River can be adequately described under
assumptions of relatively fast equilibrium partitioning, implying that the relationship between the
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dissolved and sorbed fractionsis given by afixed partition coefficient and does not depend on time.
These assumptions can be tested by using the equilibrium partition coefficients to predict
concentrations in one phase in the water column from observations in the other phase. While
individual observations may represent non-equilibrium conditions, dataare not adequate to describe
time-dependent adsorption kinetics in the water column, and it is proposed that equilibrium
assumptions are adequate to represent fate and transport of PCBs in the Hudson. When particulate-
phase concentrations are predicted from dissolved concentrations in the Upper Hudson at and below
TI Dam using the equilibrium partition coefficients developed in this section, the predictions are
unbiased for the majority of samples and the average percent difference between observed and
predicted parti cul ate concentrationsis 43 percent, which represents a high degree of accuracy relative
to similar reported studies. Comparisons between studies are best made on the basis of the standard
deviation of the estimated partition coefficients. Standard deviationsfor thisstudy (presented below)
werelessthan those reported in four other large scale studies of PCB partitioning in the water column.
While some individual samples appear to be out of equilibrium between dissolved and particulate
phases, equilibrium-partitioning assumptions are adequate for fate and transport modeling of thelong-
term behavior of PCBsin the Hudson.

3.1.1 Two-Phase Moddsof Equilibrium Partitioning

This section discusses the development and testing of two-phase models of PCB equilibrium
partitioning. It examines sources of variability for in situ estimates, and recommends partition
coefficient values and correction factors to use.
Two-Phase Partitioning Theory

The notation adopted for this discussion is generally consistent with that of Bierman et al.
(1992). The partition coefficient relates concentrations in the dissolved phase to those in other

phases, such as particle-sorbed. A generalized partition coefficient, K, between a sorbed and a

dissolved phase at dilute agueous concentrations can be defined as:
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r==2=K- Cy (3_1)

where:
r isthe mass of sorbed chemical per unit mass of sorbent;
Cr isthe mass of sorbed chemical per unit of bulk volume;
mis the mass of sorbent per unit of bulk volume;
K is the mass-basis partition coefficient (bulk volume/mass of sorbent), Co/(mCy); and

Cy isthe mass of dissolved chemical per unit of bulk volume.

This generalized formula can be defined in terms of sorption to total suspended solids, to
organic matter, or other sorbent. The simplest two-phase models are based on sorption to total
suspended solids. The partition coefficient inthiscaseislabeled K 5, where the subscript Pindicaies
acoefficient for partitioning to generalized particul ate matter, and a indicates anandytica measureof
partitioning between a water and a particulate phase, based on filtration. The partition coefficient
determinesthe equilibrium rel ationship between the "dissolved" phase (asanalytically resolved) and
the sorbed phase. The two-phase coefficient to total suspended solids, Kp,, is defined by:

Cp
Kpa= = (3-2)
" TSSI Cya

where:
Kpa iSthein situ two-phase partition coefficient normalized to particulate mass (L/kg);
Cr isthe particulate concentration of sorbate (ng/L);
Cya Istheanalyticaly resolved "dissolved" concentration of sorbate (ng/L); and
[TSS] isthe concentration of total suspended solids (kg/L).

The dissolved phase concentration used in Equation (3-2), Cq 5, iSoperationally defined asthe
concentration measured in filtrate. 1t thus includes not only truly dissolved sorbate (in this case,
PCBSs), but also any sorbate bound to dissolved organic material, and sorbate bound to particul ates of

colloidal size which pass through the filter.
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Sorption of PCBs and other hydrophobic organic compounds is believed to occur
preferentially to particul ate organic matter, in which case a partition coefficient based on [TSS] may
not provide an optimal description of phase partitioning. Piérard et al. (1996) conducted analyses of
PCB congenersin marine sediments and documented preferential accumulation of PCBsin the finest
sediment fraction, and, particularly, the vegetal fragment fraction, for which POC serves as an
approximate measurein the water column. For these reasons, an aternate formulation to Equation (3-
2) is often employed, in which the partition coefficient, Kpoc s, 1S Normalized to particul ate organic

carbon:

Cp )
[POC] Gy (33)

Kroca™

where:
Kproca isthein situ two-phase partition coefficient normalized to POC (L/kg); and
[POC] isthe concentration of particulate organic carbon (kg/L).
Kpoca Can be directly related to Kp , by the following expression since [POC]=f . * [TSS]

where f, isthe fraction of organic carbon per unit mass of suspended matter.

CP — KP,a (3_4)
foc[TSS] Cda foc

Kproca=

Two-phase partitioning model s are often modified to account for particle concentration effects.
The existence of a particle concentration effect on equilibrium constants has been the subject of much
debate since O'Connor and Connolly (1980) observed an inverse relation between partition
coefficients and the concentration of adsorbing solids. Di Toro (1985) proposed an equation to
describe the effect of particle concentration on the partition coefficient, which takes the form:

' Kroca
K poca= : 35
0™ TPOC] Krocs 9

n
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where K'soc 2 1S the partition coefficient corrected for particle concentration effects, and visaunitiess
empirical constant. Other authors, however, have contended that the apparent particle concentration
effect does not exist (McKinley and Jenne, 1991), or is attributable to sorption to a third phase of
dissolved organic matter (Gschwend and Wu, 1985). Asdiscussed below, consideration of particle
concentration effects does not appear to improve the representation of PCB partitioning in the

freshwater portion of the Hudson River.

The next section presents the ssimple partition coefficients of Equations (3-2) and (3-3) without
any correctionsfor particle effects or other confounding environmental variables, such astemperaure
Thefollowing section provides an exploratory data analysis of the significance of various correction
schemes. Based on thisanalysis, recommended two-phase PCB congener partition coefficientsfor use

in the Hudson River are provided.

Calculation of Two-Phase in situ Kp, and Kpoc o Without Correction Factors

The TAMSteam cal culated both K p , and K poc 5 partition coefficientsusing PCB congener data
inthe TAM S/Gradient database derived from the Phase 2 sampling program. The appropriate datafor
calculation of the partition coefficients were the grab samples of "dissolved" PCBs and particulate
PCBs collected between January 29 and September 1, 1993 over a wide range of environmental
conditions and referred to as water column transect samples. These samples represent in situ
conditions in the water column, and therefore provide the best available information on the in situ

relationship between dissolved and suspended-matter phases.

Phase 2 equilibration and flow-averaged water column sampleswere collected for different
purposes, held for varying amounts of time prior to extraction, and are not appropriate to includein the
calculation of in situ partition coefficients. However, acomparison of apparent partitioning in these
samples is important to reveal possible non-equilibrium conditions in the transect samples, and is
addressed below. In addition, only samplesfrom Stations 3 through 8 and 14 through 17, representing
river axis stationsfrom RM 195.5 (the remnant deposit area) to RM 77 (Highland), wereincluded in
the calculations, as the objective isto establish in situ coefficients appropriate for use in modeling
and analysis of PCB transport in the freshwater reaches of the Hudson. Samplesfrom tributarieswere

not used because of concerns over potential differencesin PCB dynamics and the characteristics of
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available sorbent. Upstream background Stations 1 and 2 were also omitted, because the PCB
congenerswere either not detected or concentrations were near the quantitation limit, makingaccuracy
of reported concentrationsin these samples questionable. Samplesfrom the freshwater portion of the
Lower Hudson (Stations 14 through 17) wereincluded only after it was determined that no consistent

differences exist between data from these stations and those in the Upper Hudson.

A total of 130 PCB congeners were considered for the partitioning analysis, consisting of the
90 initially calibrated target congeners and additional non-target congeners for which quantitations
were identified as of sufficient quality to include in analyses (see Table A-1 and Section B.3.2in
Book 3 of this report). Where co-elution of congeners occurred in a subset of samples (due to a
change of the capillary column characteristics) i.e., for BZ#4 and BZ#10, as well as BZ#105 and
BZ#168 from Transect 6, only the non-co-eluting samples were used. In the calculation of partition
coefficients, if either particulate or dissolved concentrations of agiven congener were not detected or
rejected in data validation for a sample, these data points were excluded from the analysis, as both
phases must be quantified to estimate phase partitioning. Resultsfor duplicate samples (which are co-
located field samples, not laboratory splits) were averaged prior to calculation of partitioning.

Sufficient datawere available to estimate water column partition coefficientsfor 64 PCB congeners.

The calculation of partition coefficients also requires [TSS] or [POC]. The [TSS] data
generated by RPI for the Phase 2 sampling effort were used as these appear to represent a consi stent
and accurate data set, whereas other [TSS] analyses performed by a USEPA CLP laboratory did not
meet project data quality objectives. [TSS] measurements in the water column transects from the
Upper Hudson (Stations 3 through 8) vary between 0.72 and 390.8 mg/L, asshown in Figure 3-1, with
an average of 20.5 mg/L. Higher valuesresulted from scour events, particularly during Transect 4 and
at Station 8 during Transect 3.

[POC] was not measured directly in the water column. However, weight-loss-or+ignition
(WLOQI) data were reported, and can be used to estimate [POC]. (For Transect 1, WLOI data
were reported only at 450°, rather than 375 °C. However, a conversion factor [WL Ol 5 = 0.864 =
WLOl 5] was developed, as discussed in Appendix C, so that all WLOI data used were either

measured at or converted to a common ignition temperature.)
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Based on a zero-intercept regression model for al data from high-resolution sediment cores
collected during Phase 2 above RM 154, i.e., in the Upper Hudson, the appropriate factor (A) for
converting WL OI(375°) weight fraction to organic carbon weight fraction is 0.611 (with standard
error on the estimate of 0.0056). [POC] can therefore be estimated as:

[POC] = 0.611 - WLOI(375°) - [TSS] (3-6)

[POC], as calculated from WLOI(375°), variesfrom 0.3 to 3.4 mg-OC/L, asdepicted in Figure 3-2,
with an average of 1.4 mg OC/L. Thedistribution among time and stationsissimilar tothat of [TSS).

Using measured [TSS] and estimated (cal culated) [POC], the team estimated Kp 5, 109 (Kp ),
Kpoca and log (Kpoc,s) fOr congeners quantitated in both the dissolved and particulate phases of at
least one sample. For agiven congener, theindividual sample estimates of K poc 2 generally exhibit a
positively skewed distribution, in which the range of estimatesis much greater above the mean value
than below the mean value. Environmental observations with these characteristics are often
represented by log-normal distributions, and it islikely that natural variability in partitioning behavior
can be described as log-normal. The average of partition coefficient estimates for a given congener
may also be affected by the inclusion of estimates from samples that deviate significantly from
equilibrium conditions, as might occur, for instance, if the particul ate phase contains recently scoured
contaminated sediments. Where such outliers are present, themedian or mid-point of the dataisoften
used as arobust estimator of central tendency. If the underlying distribution istruly log-normal, the
median isalso theoretically equiva ent to the geometric mean, or mean of thelog-transformed values.
Figures 3-3 and 3-4 summarize the Kp, and Kpoc 2 €stimates for congeners quantitated in both the
dissolved and particulate phasesin at least three samples, showing both the 95 percent confidence
interval on the mean, as a vertical bar, and the median of the estimates. For some congeners, the

degree of skew is so high that the median falls below the confidence interval on the mean.

Although the uncorrected estimates show considerable variability, it isworth noting that mean

in situ Kpoc 2 Values appear to show a smaller range across PCB congeners than theoretical values
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reported in the literature for partitioning to organic carbon (Figure 3-5). Theoretical valuesreported
for partitioning to organic carbon for PCB congenersaslog (Koc) by Mackay et al. (1992), basedona
relationship to octanol-water partitioning (Kow) range from 4.4 (BZ#1) to 7.3 (BZ#207); mean

estimates of log (Kpoc o) in Figure 3-5 have a smaller range, from 5.0 (BZ#4) to 6.9 (BZ#122).

Direct, uncorrected estimates of both Kp, and Kpoca Show considerable sample-to-sample
variability, which potentially consists of analytical uncertainty, presence of non-equilibrated
conditions, and systematic variability dueto environmental conditions. The next section exploresthe
significant sources of environmental variability in the partition coefficients. Based on thisanaysis,

appropriate corrections were developed and tested as to predictive ability.

Exploratory Data Analysis of Sources of Variability in Partition Coefficients

The uncorrected Kp , and Kpoc 4 results presented in the preceding section show arelatively
large amount of variability from sampleto sample. Some of the causes of thisvariability are expected
to be random, others systematic. One component of random variability arises from measurement
imprecision. Bergen et al. (1993) suggest "analytical uncertainty associated with direct water
measurement of PCB congeners is 15-25 percent”. Estimating partition coefficients from water
column measurements magnifies any measurement errors: Asnoted above, estimates of K p,dependon
theratio of Cpto (Cq «[TSS]), while estimates of K poc 5 depend on theratio of Cpto (Cy « [POC]).
When C 4 iscloseto the practical quantitation limit the measurement precisionisrelatively low, and
division by a small, imprecise number can trandate into alarger error in the estimate of Kp, or K
poca Additiona random variability in partition coefficient estimates is introduced by any samples

where the dissolved and particul ate phases are not in equilibrium.

Systematic variability in estimates is due to environmental influences. A review of the
literature suggests at least four important potential sources of systematic variability: temperature,
particle concentration, nonlinear adsorption, and changes in the nature of the sorbate, whether
particulates or organic carbon. Salinity may also affect partitioning, but is not a concern in the

freshwater portion of the Hudson.
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Thereisrelatively littleinformation available in the literature on temperature dependence of
PCB partition coefficients. From thermodynamic considerations, however, equilibrium partition
coefficients are expected to display a clear temperature dependence (Lyman et al., 1990;
Schwarzenbach et al., 1992). Bergen et al. (1993) report that temperature and log (Kow) were
equally important in determining observed values of K, for PCB congeners in seawater in New
Bedford Harbor. Various authors have proposed the existence of a particle concentration effect;
however, this may actually represent the influence of the DOC phase, as discussed above. Bierman
(1994) aso reports a "general lack of a particle concentration effect” for in situ sediment partition
coefficients for hexachlorobiphenyl and other hydrophobic organic contaminants. Nonlinear
adsorption isotherms are often reported from laboratory experiments. If significantly nonlinear, this
effect would be reflected in a dependence of the partition coefficient on Cy. Impact of sorption to
DOC would aso be reflected in a relationship between the observed partition coefficient and Cyg ..
Finally, systematic variationsin partition coefficients from sample to sample may be attributabletothe
quality of the sorbate. For instance, the makeup of the suspended solids fraction may vary markedly
between spring runoff and summer low-flow conditions. The changesmay include both variability in
the mass fraction of organic carbon in solids (which is accounted for in the Keoc approach), and
variability in the nature of the organic carbon, with living plankton biomass accounting for a greater

fraction during the summer.

Two-way analysis of variance (ANOVA) on the calculated partition coefficients by sample
against congener and transect number (time) or station number (location) indicated significant
variability associated with both time and location. Indeed, for estimates of Kp 5 (but not Kpocs), the
variation with time overwhel med variability among congeners. The higher variability in Kp ,uggess
that the organic carbon fraction, foc=[POC]/[TSS], shows significant variability not explained by
variability in[TSS)], thus making K poc o @ better predictor. Ananalysisof covariance appliedtofoc as
afunction of station and flow at Fort Edward showsthat foc is significantly correlated to flow, but not

to location, at a 95 percent significance level.

Multiple regression analysis provides additional information on significant contributors to
variability in observed partition coefficients. The explanatory variables considered were
temperature, [TSS], [DOC], flow (at Fort Edward), and dissolved- phase concentration of the PCB

congener. Thermodynamic considerations suggest an approximately linear rel ationship between the
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natural log of the partition coefficient and temperature (as discussed below). The team aso
investigated linear, log-linear and log-log rel ationshi ps between partition coefficientsand [DOC] and
[TSS] (or their inverses), and flow. Step-wise multipleregression (run both forward and backward)
indicated which variables had significant explanatory power (using a95 percent significance criterion
for variablesto beincluded in or excluded from the model). Asthiswas primarily ascoping exercise,
the identification of significant variablesis more important than the exact form of the model (except
that predictors highly correlated to one another may obscure causal relationships, as described
below). The team examined the behavior of partition coefficients (both Kp, and K poc 5) for ten key
congeners, representing a range of environmental properties. The results are shown in Tables 3-1

and 3-2. Inthesetables, ablank indicatesthelack of statistically significant explanatory power, while

a+ or - indicates a significant relationship, with sign.

From these tables, thereis, first, very little evidence of any significant relationship between
partition coefficients and dissolved concentration or [DOC]. Most of the Kp, values have a strong
negative relationship to [TSS]; however, thisrelationship disappears when normalized to an organic
carbon basis, suggesting that a particle concentration effect is not significant following normalization
to [POC] over the range of environmental conditions sampled in the Hudson. Lack of a strong
relationship between Kpoc o and either [DOC] or [TSS] suggeststhat variability in fraction sorbed to
DOC also does not have a mgjor effect on the particle-sorbed concentrations for most congeners,
within the limited range of observed [DOC].

Significant negative relationships of partition coefficients to temperature are seen in the
regression results for log(Kp5) and, for some congeners, for log (Keocg)- INterpretation of the results
isaided by examining the correl ation pattern among the explanatory variables. Wheretheseare highly
correlated with one another, the impact of one variable may mask or substitute for that of another. The
correlations among [DOC], temperature, [TSS], and flow vary from congener to congener (differing
largely on the basis of available samples). Table 33 shows correlation structures among the
independent variables used to predict partition coefficients. Flow is negatively correlated with
temperature and [DOC] (the highest flows occurred coincident with the lowest water temperatures and
lowest DOC concentrations during snowmelt runoff); thus the positive correlation between flow and
Kpoca for BZ#28, BZ#118, and BZ#138 shown in Table 3-2 may actually reflect a negative

correlation to temperature. Indeed, the sign of the regression coefficient on flow is always positive
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for Kpoc s but is not statistically significant for most congeners, while the regression coefficient on
[DOC] is never statistically significant. Figure 3-6 showsthe general trend for cal culated values of
Kpoca Versus temperature for BZ#52. A trend of decreasing K poc, With increasing temperatureis
visible, athough appearing to represent only a small part of the total variability in observed
partitioning behavior. 1n sum, the exploratory dataanalysis suggeststhat the influence of temperature

should be investigated in the analysis of PCB partitioning in the Hudson River.

Additional qualitativeinformation on variability in partition coefficientsisprovided by visual
examination of plots of estimated partition coefficients versus location and time. Figures 3-7
through 3-10 show log (Kp ) and log (Kpoc s) Values for BZ#44 plotted against transect number and
station (for the Upper Hudson between RM 195.5 in the remnant deposit area and RM 156.5 near
Waterford). Both Kp, and Kpoc, tend to lower values during Transect 6, when temperatures were

highest, and flows lowest. Thetrend is clearer for Kpoc,a

Noticeablein all transects are thegenerally consistent valuesfor K, and K poc  estimates for
most congenerswithin agiven transect beginning at Station 5, the TI Dam (RM 188.5). Thissuggests
that approximate equilibrium conditions are established within the Pool and remain consistent
throughout the remainder of the freshwater Hudson (with the possible exception of mono- and di-
chlorinated congeners, as discussed further below). The results for Rogers Idland, Station 4, are
digtinctly different from those downstream and probably reflect its proximity to the Hudson Falls
source resulting in alack of water column equilibrium. Also notable in Figures 3-9 and 3-10 isthe
degree of variability within transects as opposed to among transects. In general, there is less
variability within a given transect downstream of Station 5 than there is among the transects at any
given dtation beginning with Station 5. This suggests that the factors influencing the partition
coefficients, e.g., temperature and the nature of the POC, are largely consistent within atransect, but

the variation of these factors among transects causes the differing partition coefficients.

In sum, the exploratory analysis suggeststhat significant variability in partition coefficientsis
related in part to water temperature changes. Apparent particle concentration effects are significant
for Kpa but appear to be removed by correction to an organic carbon basis. Some samples,
particularly those collected at RM 194.6, may exhibit temporary disequilibrium between dissolved

and particulate phases. Finally, partition coefficients are most consistent in the region beginning at the
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Tl Dam suggesting that equilibrium conditions are established in the Tl Pool and maintained

downstream.

Temperature Dependence

The exploratory data analysis suggests temperature exerts an important control on observed
partition coefficients. Warren et al.[0s (1987) laboratory work with Hudson River water and
sediments, as well as Bergen et al.'s (1993) work in New Bedford Harbor, also supports the

importance of atemperature effect on partitioning behavior of PCB congeners.

Adsorption is generally an exothermic process (Laidler and Meiser, 1982); thus apparent
partition coefficients for most chemicals are expected to decrease with increasing temperature
(Schwarzenbach et al., 1994). For true equilibrium adsorption well below saturation in either phase,
the partition coefficient can be thought of asthe equilibrium constant (K) of areaction, which will be
proportional to the Gibbs free energy change, DG°. The Gibbs Helmholtz equation relates the free
energy change at a given temperature to the change in enthalpy or heat content, DH®, and enables

prediction of the temperature dependence of isobaric equilibrium constants, observed at isothermal

dlog(K) DH°

dT T? 7

conditions:
Since d(1/T)/dT =-1/T0O, this can be written as:

dlog(K)p -DH°d(UT)  (3-8)

With the assumption that DH® is approximately constant and independent of temperature over the

range of environmental observations, integration yields the smple relationship:

mmm=$+b (3-9)
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where a and b (which arises as a constant of integration) are parameters describing a linear

relationship, and a will be the slope of a plot of log (K) versus 1/T.

This gives the functional form for the theoretical temperature dependence of the partition
coefficients, and suggests normalizing the estimates to a single reference temperature, typically 20°C
or 293.15°K (conversion to the Kelvin scale is necessary to prevent division by zero). Inlog space,
the difference between partition coefficient values at temperature T °K and at 293.15 °K is predicted

as

o2 0 @ 1o

e v -— (3-10)
g 29315 g @&T 293154

log(K 1<k) - 100(K 2e3.15°k) = §$+ b

ad

gl 1 0
Kt =Kok * 10°6T 293155 (3-11)

Thisenables estimation of values of K, and K poc s Normalized to a standard reference temperature of
20°C, once the sope parameter, a, is determined.

Warren et al. (1987) performed experiments on PCB partition coefficients for the Hudson
River PCB Reclamation Demonstration Project. One of their objectiveswasanalysisof the variation
of Kp,With temperature. They conducted the experiments using 3-liter aliquots of water spiked with
200 mg/L of contaminated Hudson River sediments, equilibrated for 48 hoursat 0, 12, 25 and 35°C.
Four analyses at each temperature are reported, two each using sediment cores from RM 91.8 (near
Kingston) and RM 190.9 (about five miles downstream of Fort Edward). One replicate from each
core was analyzed by packed column GC analysis, the other by capillary column (with an additional

capillary column analysisfor the coreat RM 190.9). Warren et al. identify the congeners associated
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with each peak; however, their capillary column resol ution does not permit identification of individual

congeners.

Warren et al. reported that resultsin the temperature replicates showed excellent agreement.
Further, "Values of Kp show a consistent decrease with temperature between 0 and 35°C, ranging
from about 25 percent to afactor of 3to 4." The mean change across this temperature range was a
factor of dightly over three. Warren et al. did not, however, report a functional form for the
temperature dependence. The TAM S/Gradient team therefore used the datareported by Warren et al.
to regress log Kpon /T (°K) for each reported peak, which include dichloro- through

heptachl orobiphenyl congeners. The resulting slope estimates are summarized in Figure 3-11.

The slope estimates in Figure 3-11 appear to show aweak downward trend with increasing
capillary column peak number. Thismay, however, belargely aresult of noiseintroduced by lack of
precision in quantifying the dissolved fraction of the more insoluble congeners. Despite the two-
orders-of-magnitude range in the congener Kp values, therate of change of Kp with temperature
appears similar among congeners. Also, as the analysis of Warren et al. is not to the individual
congener level, and many congeners are not represented in their analysis. A single, approximate,
temperature-correction slope factor was selected for usewith al congeners. Theresult, formed asan
arithmetic mean weighted by the number of available samples, isa = 1195.7°K. Thisresultyiddsan

isotherma estimate of Kp as:

el 1 0

log KP,T=273.15K) =10 k) -1195.7 - - 3-12
o )=100(Kerw) STK 215K, 0

Most of the fitted slope coefficients for the individual congeners of greatest importance in
Hudson River samples, where shown by Warren et al., are near the estimated value of 1195.7, with
the exception of that for BZ#180 (for which only one replicate was available). Results for peaks

associated with key individual congeners are shown in Table 3-4.

Warren et al. did not report datafor K poc, nor did they provide organic carbon measurements

for the temperature equilibration experiments. However, the theory for organic carbon normalization
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is that the observed partitioning is controlled by the organic fraction of particulates, and the same
mechanism applies for estimates of Kp and Kpoc.  Thus, the temperature correction slope should be
approximately equal for Kp, and K poc 5, SiNCethey arerelated by a single, non-temperature dependent

constant, fo. (See Equation 3.4). Thus, the same temperature correction can be applied to Kpoca.
Evaluation of Equilibrium Assumptions

Equilibrium partitioning models assume that environmental samples display equilibration
between the different phases. It isexpected that at |east some sampleswill represent non-equilibrium
conditions. An analysis of the apparent degree of equilibration is thusimportant to interpretation of

in situ equilibrium partition coefficients from the data.

Analysis of Equilibrium Samples

In the equilibration study, duplicate water column transect sampleswere collected and hedfor
approximately four days prior to filtration and analysisfor the purpose of determining whether PCB-
congener concentrations in the dissolved and suspended-matter phases were at equilibrium in the
water column. Significant changes between the instantaneous transect samples and the equilibrated
samples could indicate that a true equilibrium did not exist in the water column. While changes
between transect and equilibration results were noted, the experimental design did not call for
maintenance of a specific ambient temperature during equilibration and observed changes may be due

to temperature effects; thus the evidence on in situ equilibrium is unclear.

The TAMS/Gradient team collected equilibration samples during Transects 2 and 6.
Transect 2 represents winter conditions, while Transect 6 represents summer conditions. The
differences between the transect and equilibration values of Kp, are summarized separately for the
two sets of equilibration data, on alog scale, in Figure 3-12. Kp,valuesfor the Transect 2 samples
are, on the average, higher than the corresponding values for the equilibrated samples. For the
Transect 6 samples, the values of Kp, are generaly less than the estimates from the equilibrated
samples. The Transect 6 results match results obtained from paired large-volume filter studies
conducted at Mechanicville in 1983 (Bopp et al., 1985). Essentially the same relationships
as are seen for K, in the two transects are seen for Kpoc 5 €stimates, so the differences are not solely

attributable to differing organic carbon content of particulate matter for the two transects.
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The Transect 2 equilibration samples might be interpreted to suggest that the PCB mass was
generaly out of equilibrium toward the particulate phase. In Transect 6, the PCB mass generaly
appears out of equilibrium toward the dissolved phase. Thereis, however, a confounding factor in
the interpretation, as the samples were not held at their origina ambient temperature during
equilibration. In the discussion of temperature dependence, it is clear that thereis a strong inverse
relationship between partition coefficients and temperature. Transect 2 samples were taken during
cold weather and Transect 6 samples during warm weather. The equilibration processthusinvolved
some warming of the Transect 2 samples, and cooling of the Transect 6 samples, which should
produce, respectively, decreases and increases in K4 values. Thistemperature change aone could

account for the observed shiftsin K, values during equilibration.

Evidence for Disequilibrium in Transect Observations

Despitetheinconclusiveinterpretation of the equilibration experiments, anumber of individual
samplesclearly represent non-equilibrium conditions, and are thus not appropriate for thecaculation
of equilibrium partition coefficients. The presence of a certain proportion of samples out of
equilibrium is expected. For instance, samples collected during a non-scouring period where
significant release of dissolved PCBs was occurring from the sediment would be out of equilibrium
toward the dissolved phase until sufficient time passed for equilibration to occur with suspended
solids. Conversely, during scour events which mobilize sediment-bound PCBs, the water column
samples may be temporarily out of equilibrium toward the particulate phase until the PCBs in the
particulate and dissolved phases reach equilibrium. Tributaries loading relatively clean water or
sediment may also cause temporary disequilibrium.

While it is not appropriate to include non-equilibrated samples in the estimation of
equilibrium partition coefficients, thereisno clear a priori criterion to determine which samplesare
inappropriate. This situation calls for estimators which are more robust to the presence of
inappropriate or outlying datathan the mean. Asnoted above, auseful estimator of central tendency in
such situationsis the median, or 50th percentile of the observations, which is much less affected by

outliers than the mean.
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Upper VersusLower River Estimates

Initial estimates of partition coefficients were based on transect data from the Upper Hudson
only, due to potentia differences in the nature of sorbate below the confluence with the Mohawk
River. However, there are also reasons for the inclusion of freshwater Lower Hudson samplesinto
theanalysis (if consistent differencesdo not apply). Giventhehigh variability in partition coefficient
estimates in individual Upper Hudson samples, the increased sample size resulting from adding the

Lower Hudson samples would be helpful for calculation of average values.

Lower Hudson samples are available for Transects 1, 4, and 6 only, and Transect 1 included
Lower Hudson samplesat RM 153 (Green Idand) and RM 102 (Cementon) only (the latter station was
not used in subsequent transects). Thereisgeneraly morevariability in partition coefficient estimates
between transects than between stations within a transect. The behavior of apparent partition
coefficient values in these transects can be compared between the Upper and Lower Hudson and
examined for arepresentative suite of congeners. For Transect 1, collected in January and February,
Kpa estimates appear to decline gradually downriver, with the biggest change occurring in the more-
chlorinated congeners (Figure 3-13). Thedifference between estimatesat RM 188.5 (the Tl Dam) and
RM 156.6 (Waterford), however, is greater than that between Waterford and the Lower Hudson
stations, and may be partly attributable to temperature changes.

In Transect 4 (Figure 3-14), conducted in April, apparent K p 5 values again declined with river
milein the Upper Hudson, but there does not appear to be a systematic change from the Upper to the
Lower Hudson. During Transect 6 (Figure 3-15), partitioning at Waterford (RM 156.6) isagain very
similar to that in the freshwater portion of the lower Hudson.

There does appear to be a difference in the partitioning behavior of more highly chlorinated
versus less chlorinated PCB congeners with location in the Hudson. Figure 3-16 summarizes the
average percent deviationsfrom the mean for congener K poc 5 €stimates by station, with mono- through
tri-chlorinated congeners and tetra- and higher-chlorinated congeners represented separately. All
congeners tend to show increased estimates of Keoca @ RM 196.8 (Rogers Idand), which may
represent presence of non-equilibrated sediment in the samples. Above and below RM 196.8, K poc 4
estimates for the more chlorinated congeners are relatively constant. For the mono- through tri-

chlorinated congeners, K poc o etimates are at aminimum at RM 188.5 (T1 Dam), then tend to increase
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steadily downstream. Thismay indicate loading of a predominantly dissol ved- phase (or DOC-bound)
mass of lower-chlorinated congeners within the TI Pool, @mupled with gradual adsorption and
volatilization loss of the dissolved phase, and coagulation and conversion to particulate form of the
DOC-bound phase (Buffle and Leppard, 1995) as flow proceeds downstream. There does not,
however, appear to be a significant changein partitioning behavior across the boundary between the
Upper and Lower Hudson. Indeed, including both upper and lower river estimates may aid in

compensating for any bias introduced by local disequilibrium in the area of the TI Pool.

In sum, the available data suggest no clear distinction between partitioning behavior in the
Upper Hudson and partitioning behavior in the freshwater portion of the Lower Hudson. Changes
between stations within the Upper Hudson are likely attributable to variations in organic carbon
concentration and water temperature. Use of samples from the freshwater portion of the Lower
Hudson provides advantages of larger sample size. These samples were therefore included in the

analysis of partition coefficients.

Corrected Two-Phase Partition Coefficientsfor Application

The discussions in the preceding sections suggest that partition coefficients should be
estimated on a temperature-normalized basis (20°C), using the temperature correction factor
described in Equation (3-12). In addition, data should be summarized across all main-stem samples
between the remnant deposits and the salt front, using the arithmetic median to avoid undue influence
from outliers and non-equilibrated samples.

The ability to predict particulate-phase congener concentrations from dissolved-
phase observations using a squared error criterion provides a basis for evaluating the relative
performance of different formulations of the two-phase partition coefficient. That is, estimates of the
parti cul ate-phase concentration can be predicted from Cpoc = Kpoca @ [POC] @ Cgand Cp=Kp, @
[TSS] @ Cy and compared to observations. Table 3-5 shows the relative performance across all
congeners for which partition coefficients could be estimated. Figures 3-17 and 3-18 show the
performance of temperature-corrected Kp, and Kpoc 5 €stimates in predicting Cp from Cg , for those
congeners quantitated in both phasesin at least three samples. Estimates of Cp using Kp, appear to
have limited predictive power, and predicted valuesfall into two distinct groups, one above and one

below the line of perfect fit. In contrast, most Kpoc -based predictions fall relatively close to and
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evenly distributed about the unit line. A small subset of Kpoco-based predictions are substantially
under-predicted. These represent samples which were significantly out of equilibrium toward the
dissolved phase. Because median valueswere used to estimate K poc , these outliershave little effect

on the reported estimates.

The results in Table 3-5 indicate that a substantial improvement in predictive ability is
obtained by using Keoca instead of Kp,, despite any additional noise introduced in the estimate of
[POC]. Further improvements are gained by introducing a temperature correction, and using the
median estimate to reduce the influence of non-equilibrated outliers. The TAMS/Gradient team
therefore recommends using median values of in situ Kpoc o €stimates with acorrection to areference
temperature of 20°C as the basis for two-phase models of PCB congener fate and transport.
Theresulting estimates of Keoca and 10g(K pocs) are presented in Table 3-6(a) and 3-6(b), and

summarized in Figure 3-19.

The temperature-corrected Keoc, €stimates provide a relatively good ability to predict
concentrations of PCBsin one phase from thosein the other. The average absolute percent difference
between observed and predicted concentrations in the particulate phase for all congeners was 43
percent. For the Upper Hudson River from RM 188.5 (Station 5, TI Dam) to RM 156.6 (Station 8,
Waterford), more than half of the estimates of particul ate-phase concentrations from dissol ved-phase
concentrationswere within 28 percent of measured values. Further, the quality of prediction washigh
even a Station 8 during Transect 3, where substantial quantities of PCBs appear to have been
mobilized by a localized scour event in the reach above the station (see Subsection 3.2.5 for
discussion). In these samples, the median percent difference between observed and predicted Cpoc
was 22 percent and discrepancies that do exist may be attributable to an atypical composition of the
POC fraction during this high suspended-load event.

Average percent differences between observed and predicted values differ considerably
among congeners. For congeners detected in both particulate and dissolved phases in at least ten
samples at Stations 5 through 8, the average absolute percent difference is as low as 18 percent for
BZ#101 and lessthan 50 percent for all congenersexcept BZ#1. High average percent differencesfor
BZ#1 (98 percent) may reflect difficulties in quantitating this congener, as well as potential

disequilibriumin some samples. At upstream stations nearer the GE Hudson Falls source (Stations 3
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and 4), the average percent differences are, on average, 1.8 timesthosefor Stations 5 through 8. This
suggests that PCBs in the water column may not have reached an equilibrium distribution between
phases prior to reaching the head of the TI Pool.

The quality of fit can also be summarized viathe sample standard deviations of the estimates
of log(Kpoca). Theserange from 0.029 to 0.55 log unitsin this study, with most in the range of 0.2 to
0.3log units. Acrossall congeners, the average standard deviation in estimates of 10g(Kpoc ) iS0.276
and the median 0.244 log units. These results compare favorably with other studies reported in the
literature. Bergen et al. (1993), studying six PCB congenersat four stationsin New Bedford Harbor,
reported standard deviationsfor estimates of |0g(Kpoc 5) ranging from 0.25t0 0.50 log units. Bierman
et al. (1992) anayzed five congener groups in Green Bay and reported standard deviations for
estimates of log(Kpoc,s) ranging from 0.27 to 0.36 log units. Finally, Baker et al. (1986) reported
standard deviations ranging from 0.1 to 0.9 for log(Kpocs) estimates for 28 congeners in Lake
Superior, with an average standard deviation of approximately 0.5 log units.

Evaluation of Partitioning in the Flow-Averaged Samples

Theflow-averaged sampleswere collected for the purpose of estimating PCB flux over time,
and represent aflow-weighted average water concentration for a 15-day period. These sampleswere
analyzed for dissolved and particul ate concentrations, but wereintended to provide estimates of total

flux of agiven congener.

Because of the sample collection and handling methodology, the phase distribution of PCB
congenersin the flow-averaged samples may not be representative of the instream phase distribution.
First, the samples are composites of instantaneous sub-samples which have been held for varying
lengths of time. If the older sub-samples were initially out of equilibrium, the long holding time
allows for movement toward equilibrium. More importantly, the flow-averaged samples mix sub-
sampleswith varying initial concentrations of PCBs, [TSS], [POC] and [DOC]. Thusthe composite
mixture may show a phase distribution quite different from any of the instantaneous sub-samples.
However, if the transect sample analysis does yield valid estimates of equilibrium partition

coefficients, similar results, on average, should be obtained from the flow-averaged samples. Insum,
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the flow-averaged samples cannot be used to calculate validin situ partition coefficients, but can be

used as a check on reasonabl eness of the estimates.

A temperature correction is not possible for the flow-averaged samples, because the
individual sub-sampleswere collected at differing temperatures, and the compositewasheld onice,
not at a temperature reflecting a weighted average of collection temperatures. As noted above, a
correction to a POC basis does improve accuracy of estimation of partitioning, and it is most

appropriate to compare the median of flow-averaged Kpoc 5 €stimates to transect K poc 5 estimates.

Figure 3-20 compares the medians of the flow-averaged K poc o €stimatesfor the entire flow-
averaged sampling program to the transect median estimates (normalized to 20°C). This shows that
estimated partition coefficients in the flow-averaged samples are similar to those obtained from the
transect samples. In sum, the flow-averaged samples confirm the order of magnitude of the Kpoca
estimates from the transect samples. They should not, however, be assumed to provide accurate
estimates of thein situ phase distribution of PCB congeners. Instead, the flow-averaged samplesare

best used, as intended, to assess the total flux of congeners.

3.1.2 Three-Phase Modds of Equilibrium Partitioning

Laboratory experiments (e.g., Carter and Suffet, 1982; Gschwend and Wu, 1985), aswell as
field observations (e.g., Baker et al., 1986; Means and Wijayaratne, 1982) have demonstrated that a
two-phase model of equilibrium partitioning may not be optimal for hydrophobic organic pollutants.
That is, such compounds sorb not just tofilterable particul ate organic matter, but also to colloidal-sze
and dissolved organic matter, such as humic and fulvic acids, which may play a significant role in
facilitating transport (see review of Sigleo and Means, 1990). The fraction sorbed to the non-
filterable organic carbon represents a third-phase, which is neither sorbed to particulates (as defined
by filtration) nor truly dissolved. Analytically, thisfraction isresolved and reported as part of the
"dissolved" phase; however, considering it to be truly dissolved may result in amisrepresentation of
phase partitioning behavior if significant variability occursin the concentration of "dissolved” organic

carbon (i.e., the organic carbon content which is not filterable) occurs.
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The presence of asignificant third phase may have important implicationsfor biotic uptake, as
dissolved constituents are generally thought to be more readily bioavailable than those sorbed to
DOC. DOC is consstently present in samples of Hudson River water at levels around 4mg/L.
Further, for many PCB congeners, alarger fraction of total massin asampleis seeninthe analytical
"dissolved" phase than in the particul ate phase. For instance, 73 percent of the mass of BZ#18is, on
average, reported in the "dissolved" phase. This percentage declineswith increasing K poc 5, and for

BZ#153 only about 36 percent of the massisin the "dissolved" phase.

Whether or not the DOC-bound phase has asignificant effect on theenvironmental distribution
of compoundsin thewater column depends on [DOC] and the hydrophobicity of the compound. Eadie
et al. (1992) found in Lake Ontario that the DOC-bound phase accounted for 10 percent or less of total
water column massfor hexachl orobiphenyls and compounds of similar hydrophobicity. Brownawell
and Achman (1994) reported that colloidal materials did not appear to have a significant effect on
water column partitioning for most PCB congeners in the Hudson estuary, except for the most
hydrophobic PCBs. Bierman et al. (1992) in the Green Bay PCBs study estimated that the water
column DOC-bound fraction for congeners BZ#28, 31, 56, 60, 101, 138, 158, and 163 was on the
order of 2 percent to 3 percent. (Thisresult was based on an assumption that Kpoc = 0.01 @ Kpoc,
rather than an independent determination of Kpoc.) For porewater, in contrast, Burgesset al. (1996)
report that the DOC-bound fraction of PCB congenersin New Bedford Harbor ranged from 40 percent
for dichlorobiphenyls to greater than 80 percent for tetra- through octa-chlorinated PCBs.

Three-Phase Partitioning Theory

To evaluate the significance of a DOC-bound phase of PCBs in the water column of the
Hudson River, three-phase models of partitioning can be employed, which explicitly account for the
DOC-bound fraction. But, because the third, DOC-bound phaseis not readily observable and was not
measured in the Phase 2 study, this presents significant problems for the determination of in situ
partition coefficients. Thissection presents several attemptsto fit three-phase partition coefficients,
and usesthis evidenceto eva uate the significance of thethird (DOC) phase for modeling the behavior
of PCBsin the Hudson River.
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In athree-phase model, the total concentration of sorbate, C+, isassumed to bethe sum of three

phases, each of which is related to the dissolved fraction by a partition coefficient:

Cr=Cqa* Cooc *+ Croc = Ca (1+ Kpoc[DOC] + K poc[ POC]) (3-13)

The partition coefficients are defined in relation to the truly dissolved fraction, Cy, rather than the

apparent dissolved fraction, Cq 5!

Cooc
= 3-14
Kboc [DOC] ( )
Croc
= 3-15
K roc [POC] ( )

The apparent, or two-phase partition coefficient to POC isreferred to as Kpoco. It isrelated to the

"true" three-phase Kpoc via:

Ca Kroc
Q= = 3-16
Kpoca™ Kroc Cia 1+ Kpoc[DOC] ( )

because
Cd.a= Ca + Cpoc = Ca (1+ Kpoc[DOC]) (3-17)

This implies that the three-phase Kpoc should aways be greater than or equal to the apparent two-

phase K POC,ar

Given estimates of the partition coefficients, the mass fractionsin each phase can be esimated
as described by Bierman et al. (1992):
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fa=— (3-18)

fpoc= KooelDOS (3-19)

where;

D = (1+ K poc[DOC] + Kpoc[POC]) (3-21)

and fy, fpoc and f poc represent the mass fractions in the dissolved, DOC, and POC phases,
respectively.

An aternative theoretical approach to accounting for DOC sorption considers [DOC] plus
[POC] or [TSS] asasingle, relatively homogeneous phase (Bopp, 1995 pers. comm.). For instance, if
the [DOC] phase is primarily colloidal material, such material may also be expected to coat the
surface of particulate matter, and provide asimilar substrate. I1n thisapproach, atwo-phase partition
coefficient can be defined to total organic carbon (TOC), the sum of [POC] and [DOC]:

_ (Cpoc* Cood
“ree = tPoc] +DOC) 4 22

where C4 isthetruly dissolved fraction. Whiletheoretically attractive, however, thisapproach is not

practical for the Phase 2 Hudson River data, as neither Cpoc nor Cy was directly measured.
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Estimation of Three-Phase Equilibrium Partition Coefficients

Obtaining reasonable in situ estimates of Kpoc from the Phase 2 data proved to be difficult.
First, measurements of the DOC-bound phase are not directly available in the data, but must be
estimated from the relationship of the reported concentrationsin the particulate and total "dissolved"
phases. Second, [DOC] is relatively consistent among most samples, which results in little
interpretive leverage to assess the effect of changes in [DOC]. For the Upper Hudson transect
stations, [DOC] ranged from 4.15 to 6.35 mg/L except for one observation of 0.94 mg/L (Transect 4,
Station 7). [POC] similarly has one outlying value (see Figure 3-21). [POC] and [DOC] for the
Hudson River do not show strong correlation, however, which was a source of significant difficulties
for three-phase mode fitting at Green Bay (Bierman, 1992). Finally, the expected value of Kpoc
reported intheliteratureistypically two orders of magnitudelessthan K poc (Eadieet al., 1990), and
this large difference presents problems to obtaining an accurate solution via regression or

optimization.

Accordingly, avariety of methods were employed to obtain estimates of three-phase partition
coefficients. No one method provided consistent results across a wide-range of congeners, and for
any given method there were some congeners for which estimates did not converge. For comparative
purposes, the analyses were devel oped on aset of 15 selected PCB congeners, i.e., BZ#1, 4, 8, 18, 28,
31, 44,52, 66, 70, 101, 118, 138, 151, and 153, for which alarge number of data pointsare available
and which are important in the environment in the Hudson River, cover a wide range of expected
partitioning behavior, and include most congeners considered for use in fate and transport model
calibration.

The simplest approach to estimation of the three-phase partition coefficients used linear
regression, adapted from the method of Brannon et al. (1991). Using Equations (3-18) through (3-20)

theratio of Cy, to Cpoc Can be written as:

Caa _ fatfooc — 1+ K poc[DOC]
Croc f Poc K poc[POC]

(3-23)

which can be rearranged to yield:
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Cda _ Kbpoc _ 1

= =[DOC] +
Croc  Kroc Kroc 329
Because theleft-hand side of the equation and [DOC] are known, alinear regression on [DOC] hasan
intercept of 1/Kpoc and slope of Kpoo/Kpoc. 1N theory, these estimates can then be used to derive the
required partition coefficients. Thismethod, however, isvery susceptibleto small errorsin any of the
measurements. Further, the method will tend to be biased upwardsfor K poc in the presence of random
measurement variability, and, as Kpoc must be estimated from the ratio of the two regression
parameters, itsuncertainty isinflated. When theintercept value (1/Kpoc) isnot tightly constrained, this
approach will do a poor job of distinguishing the magnitude of Kpoc and Kpoc, evenif their ratio is
closely determined.

Table 3-7 showsthe results of applying the regression method. The results appear reasonable
for certain congeners. In every case for which estimates were obtained, however, the sope
coefficient (ratio) estimate was not statistically significant (a probability value less than 0.05 is
usually desirable to establish the estimate as significant at the 95 percent confidence level). Other
estimates did not converge (slope estimate less than zero). Thus the overall results of applying this
method were judged unsatisfactory. Another drawback of the regression approach isthat it does not
account for temperature dependence in the partition coefficients. Therefore, other approaches were

adopted for the direct optimization of the desired parameters.

Because of the temperature dependence detected in the two-phase analysis, the three-phase
optimization employed atemperature correction, which was assumed to take the form discussed above
and to apply equally to Kpoc and Kpoc. Direct optimization of the three-phase estimates of K poc and
Kboc (normalized to 20°C) was based on the equilibrium relationship for Cpoc Written in terms of
observable variables and Cy , by rearranging Equation (3-24) and adding a temperature correction:

_ CyaKpoc10°[POC]

Croc = - (3-25)
T 1+ (KDocfl.Ot [DOC])
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where 10" represents the correction factor to convert the partition coefficient to ambient temperature

from areference temperature of 20°C (Equation[3-12]).

Equation (3-25) predicts the analytical particulate concentration, Cpoc, from observed
quantities of [POC], [DOC], and Cy,. Optimization on values of log(Kroc) and log(Kpoc) for each
congener minimized the sum of the squared prediction errors for Cooc. The estimate of Kpoc Was
constrained to be greater than the two-phase estimate, K poc 5, 8s expected from theory (this constraint
was rarely binding, however). The optimization was accomplished using a conjugate gradient
numerical method, which searches for the minimum of the sum of squared errors by following the
response surface dope, as determined by acentral difference approximation to therate of changewith

respect to the variables.

Direct optimization of both parameters converged successfully for 11 of the 15 congeners
evaluated. In other cases, direct optimization did not converge, either because the solution became
insensitive to Kpoc or because the solution converged on aratio of Kpoo/Kpoc, but not on a unique
value. To remedy the problems with non-convergence, athree-tiered approach was adopted. This

specified estimating with the following methods, in decreasing order of preference:

1. Optimize Kpoc and Kpoc Smultaneoudly on the full data set;

2. Delete any extreme outliers which appear to represent non-equilibrated samples and

reoptimize;

3. Where convergenceis still not obtained due to insensitivity of the solution to K poc, Usea
two-stage procedure on the full data set. First, constrain the value of log(Kpoc) to
be 75 percent of log Keoc and obtain the corresponding best estimate of K poc. Then,
optimize Kpoc With Kpoc fixed @t the estimate obtained in the first stage.

All three methods were applied to each of the 15 congeners, but no single method gave
satisfactory results in all cases. Table 3-8 gives the highest priority convergent set of estimates
obtained for each congener, in order of preferenceinthelist above. Thistablealsoincludesthe phase

distribution fraction of the congeners predicted under average conditionsfor the Upper Hudson of 4.79
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mg/L DOC and 1.40 mg/L POC. The predicted fraction in the DOC phaseislessthan or equal to 10
percent for 11 of the 15 congeners, which is comparabl e to the estimate of about 10 percent expected
from theresultsof Eadieet al. (1990). The average difference between log K poc and log K poc for the
trichlorobiphenylsand more highly chlorinated congeners matches reportsthat K poc istypicaly oneto
two orders-of-magnitude less than Keoc in the water column. The estimated log Kpoc of 4.28 for
BZ#52 is somewhat greater than thein situ estimate of 3.66 obtained through reverse phase separation
of truly-dissolved from colloidal-bound PCBsin the Great Lakes (Eadieet al., 1992). The estimated
log K poc Of 4.66 for BZ#18 also compares well to an observed log partition coefficient to humic acid
of 4.57 reported by Chin and Weber (1989).

The monochlorobiphenyl BZ#1 and dichlorobiphenyls BZ#4 and BZ#8 appear to show rather
different results from the more-chlorinated congeners. For these congeners, Kpoc and Kpoc are of
approximately the same order of magnitude, and the DOC-sorbed fraction accounts for about one-third
to one-half of the total congener mass in the water column. These congeners appear to constitute a
significant portion of total PCB loading from the Tl Pool sediments, and their movement out of the

sediments may be facilitated by binding to DOC such as humic acids.

The importance of the DOC phase in total mass transport appears to decline with increasing
degree of chlorination and increasing Keoc, as the ratio of K poc to K poc increases. Figure 3-22
graphically displays the phase distribution (at average Upper Hudson [POC] and [DOC]) for four

congeners which represent a range of chlorination and Kpoc.
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3.1.3 Sediment Equilibrium Partition Coefficients

Equilibrium partitioning between dissolved and sorbed phases a so control s the behavior of
hydrophobic compounds in the sediments and porewater, and plays an important role in determining
flux of contaminants out of the sediments. Even when scouring of sediments doesnot occur, PCBsmay
move from the porewater to the water column through diffusion and ground water advection of
dissolved and DOC-sorbed phases. McCarthy and Zachara (1989) summarize the role of colloidal
DOC in facilitating the subsurface transport of hydrophobic organic contaminants. Burgess et al.
(1996) found that PCBs in the porewater of marine sediments of New Bedford Harbor are
predominantly associated with acolloidal or DOC fraction. Brownawell and Farrington (1986) also
confirmed that partitioning of PCB congeners having log(Kow) valuesin excess of 5 wassignificantly
affected by the presence of colloidal organic materia intheinterstitial water. Phase distribution may
also be important in controlling bioavailability and degradation of PCBs in the sediments.

Sediment Partitioning Theory

The sediment matrix is qualitatively different from the water column, as it predominantly
consists of solids with alesser portion of water. The volume of the water phase is not equivalent to
the total volume, and the fraction of POC with surface area available for sorption is likely to be
smaller. Despite these differences, a model of equilibrium partitioning between sediment and
porewater can be developed analogous to that presented in Subsection 3.1.1 for partitioning in the
water column, although coefficients are likely to differ. Indeed, sediment systems are thought to be
more likely to be in equilibrium than water column systems because the physical-chemical
environment in the sediment is more temporally stable (i.e., dowly varying temperatures and
substantially longer contact times between sediment and porewater) (Bierman, 1994). McGroddy et
al. (1996) report that both in situ and laboratory desorption of PCB congeners from sediment are
consistent with equilibrium partitioning models. Carroll et al. (1994) suggested that PCBsin Hudson
River sediments may include both arapidly desorbing labile component and amore slowly desorbing
resistant component; however, the tempora stability of the sediment environment reduces the

importance of this observation for the estimation of PCB fate and transport.
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Partitioning of organic chemicals between sediment and porewater can be approached on
either a mass concentration basis, i.e., mass of sorbate per dry weight of sediment, or a volumetric
concentration basis, i.e., mass of sorbate per volume of sediment. Thisdoes not affect the definition of
the partition coefficients, which remain in units of volume of the medium over mass of sorbent. For
comparability to the discussion of water column partitioning, partitioning in the sedimentsis described
on avolumetric basis, but written in terms of commonly-reported measurements (mass of contaminant

per mass dry weight sediment concentration and mass per volume porewater concentration).

Sediment partitioning model sfor hydrophobic contaminants are also usualy based on sorption
to organic carbon. Consideration of a single, homogeneous organic carbon sorbent is necessarily a
simplification of actual sorption processes within a heterogeneous medium. Piérard et al. (1996)
show that PCBs preferentially sorb to the fine organic fraction of sediment. They aso document,
however, that di- and tri-chlorinated PCB congenersarerelatively enriched in the sand-sizefractions

of the sediment, perhaps due to competition for binding sites on fine organic matter.

For a two-phase model based on sorption to organic carbon, the particulate-bound massis

related to the analytically resolved porewater "dissolved" concentration through:

Ce-M=M- foc- Koca® Cew,a (3-26)

where:
Cr isthe mass of sorbate per dry weight of sediment;
misthe mass of dry sediment per in situ volume of the sediment-porewater matrix;
foc isthe fraction of organic carbon in the solid phase;
KocaiSa partition coefficient to organic carbon (volume of porewater per mass of sorbent);
and
Crw.a IS the analytically resolved concentration in porewater (mass per volume of

porewater).

Because the density, m, appears on both sides of the equation, Koc 4 is defined the same on a mass

concentration basis. Thisyields:
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Koca= —2 (3-27)

foc Crw

Three-phase models can aso be written for the sediment. In support of a three phase
approach, sorption to colloids has been shown to dominate the analytically resol ved concentration of
PCBsin porewater of contaminated marine sediments (Burgesset al., 1996). On avolumetric basis,

the mass balance in the sediment can be written as (Di Toro et al., 1991):
Crv)=Crmy' M=Q: Cpwt M- foc- KOC - Cow + 0" mpoc* Kpoc* Crw (3-28)

where the three terms on the right-hand side represent the volumetric concentrations of the dissolved,
particle-sorbed and DOC-sorbed fractions, relative to the volume of the sediment-porewater matrix,
respectively, and

Crv) Istotal concentration on amass per volume basis,

Crvy istotal concentration on amass of sorbate per dry weight of sediment basis, asusually
reported;

e isthe saturated porosity, or volume of water per volume of wet sediment; and

Mpoc  iSthe mass of DOC per volume of porewater.

and the other parameters are defined above.

Asinthewater column, thetruly dissolved and DOC-bound fractions are usually not resolved
anaytically; instead, an analytically resolved value for the "dissolved" fraction is reported that
contains both phases. Anaogousto Equation (3-25) for thewater column, observed concentrationsin
the sediment (on a mass basis) may be related to the observed, apparent porewater volumetric

concentration by:

foc Koc Crw,a (3-29)
q ( 1+ mpocK DOC)

Cr=

This equation may be used for optimizing values of Koc and Kpoc based on measured Cp (mass of

PCBs per mass of dry sediment) and Cpyy 5 (analytically resolved concentration in porewater, as mass
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of PCBsper volume of porewater). Further, the two-phase partition coefficient may berelated to that
for three-phase equilibrium partitioning to POC through

1
Kroca=Kpoc: —mm (3-30)
1+ mpocKpoc

Data Sour ces

The Phase2 data collection effort included measurements of sediment PCB congener
concentration, but not measurements of porewater PCB or DOC concentrations, which are needed for
the evaluation of sediment partition coefficients. Dataon porewater concentrationswere collectedby
Genera Electric in the 1991 Sediment Sampling and Analysis Program (O'Brien & Gere, 1993Db).
Thisprogram involved the collection of more than one thousand sediment cores and grab samplesfrom
the Upper Hudson River, approximately one-half of which were obtained from the Tl Pool, with the
remainder located between Waterford (RM 156.6) and TI Dam (RM 188.5).

The GE samples were composited prior to analysis, with about eight to twelve samplesfrom
the same river reach and sediment type included in each composite. Composites maintained
distinction as to core depth, based on segmentation into 0 to 5, 5 to 10, and 10 to 25-cm fractions.
Samples were frozen for storage and then thawed prior to analysis, which may alter all phases of the
matrix. Porewater samples were also composited after extraction from discrete core sections by
centrifugation. These were filtered and analyzed for total organic carbon ([TOC]), and congener-
specific PCB concentration. As[TOC] was obtained after pressure filtration through a 0.5mm nylon
membrane filter, it is representative of the analytically-resolvable DOC fraction. A total of 84
composite sample locations were identified with matched sediment and porewater PCB

measurements.

Within the 84 matched composite samples, total PCB concentrations in sediment range from
0.9to 149 mg/kg, with amedian of 17 mg/kg. Concentrationsin porewater range from 0.2 to 58 ng/L,
withamedian of 6.4 ng/L. It should be noted that 73 of the 84 porewater samples (87 percent) did not
meet data quality criteriaastheresult of field blank contamination (OCIBrien and Gere 1993b). These
flagged values are included in the estimation of sediment partition coefficients. The data quality

3-34 TAMS/Cadmus/Gradient



problems, however, imply that the resulting estimates for sediment PCB partitioning arelessreliable
than estimates derived in Section 3.1.2 for partitioning in the water column, for which only datawhich
passed all data validation steps were included.

Because of the compositing procedure and the possible effects of sample handling and blank
contamination, the porewater and sediment fractions analyzed are potentially not representative of in
Situ partitioning. The analytical methods used by GE for congener analysiswere based on calibration
to Aroclor standards only, and did not exhibit as high a degree of congener-specific resolution asin
the analyses for the TAM S/Gradient Phase 2 data collection. Thisresulted in increased reporting of
co-elution of congenersrelative to the Phase 2 data, which impedes comparison to the water column
resultsreported above. The GE sediment resultsdo provide aninternally consistent data set on which
sediment-phase partition coefficients can be attempted, but the combination of sample compositing and
analytical co-elution suggeststhe accuracy in estimates of partition coefficientsfrom these datawill be

low compared to those reported for water column samples.

Two-Phase Partitioning in the Sediments

Theteam evaluated two-phasein situ Koc o estimates for chromatogram pesks associated with
a selection of key PCB congeners, as identified from the peak-congener table supplied by GE.
Table 3-9 shows log Koc 4 estimates for 16 peaks, with theoretical log K oc estimates from Mackay
et al. (1992) and water column Kpoc 4 estimatesincluded for comparison. The results, based on the
GE data, are generaly consistent with two-phase results obtained in the water column, falling within
an order of magnitude of the estimatesin Table 3-6. The range between the minimum and maximum
estimates is generally much greater for the GE data than in the water column, probably reflecting the
results of the compositing procedure and potential blank contamination. Asdid K poc o esimatesinthe

water column, the in situ Kqc 5 estimates show a smaller range than the theoretical values.
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Three-Phase Partitioning in the Sediments

Three-phase partition coefficients were estimated using the GE sediment[porewater deta. For
several congeners, three-phase estimates did not converge through direct optimization, or yielded
estimates which did not appear to reproduce observed total porewater concentrationswell. For some
congeners, a few anomalous data points appeared to bias the optimization, and estimates were re-
calculated with deletion of up to three such outliers. For three congeners, an aternative procedure
was required to obtain estimates which approximated the observed ratio of Cpyy 410 Cp. Ingenerd, the
net effects of Kpoc and Koc, determining the total concentration measured in porewater, should be
more strongly determined by the data than either individual partition coefficient. Accordingly, a
procedure was adopted which assumed that K¢ ; could be estimated more reliably than three-phase
coefficients, and the three-phase coefficients can therefore be determined conditional on thetwo-phase
estimate of Koc, Based on Equation (3-30), the equilibrium estimate of log(Kpoc) should be
approximately equa to

109 (K poc) =109 (K oc- Koc.a) - 109 (Koc.a - mooc) (3-31)

Therefore, a conditional estimate of Kpoc, given an estimate of Ko, can be made by using the two-
phase estimate of K oc , and averaging over all samples. With the relationship between K poc and Koc
determined by Equation (3-31), optimization is applied to Koc only. This procedure successfully
reproduces the median ratio of total porewater concentration to particulate concentration for a
congener, but isless preferable than full optimization because it assumesthat the two-phase estimate
of Koca 1S known without error.

Resulting partition coefficient estimates are summarized in Table 3-10a. Because PCBsare
strongly hydrophobic, most of the total mass of each congener is expected to be sorbed to particulate
matter. The implications of the estimated partition coefficients are summarized in Table 3-10b by
showing the predicted distribution of concentration ininterstitial water (inng/L) in response to aunit
total sediment concentration of 1 mg/kg. Table 3-10b al so showsthe median observed ratio between
total porewater concentration (ng/L) and sediment concentration (mg/kg dry weight) in the GE

samples. For comparison, the tables show results summarized by homologue group in New Bedford
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Harbor sediments by Burgesset al. (1996), and partitioning in porewater which would beimplied by

application of the three-phase partition coefficients obtained in the water column of the Hudson River.

Theanalysis of partitioning in the sediments should be used with caution, because the method
of compositing and sample handling together with reported sample contamination suggests the
porewater samples may not be representative of in situ conditions in the sediment. The problem of
potential readjustment of phase distribution after sampling is exacerbated wherever PCB
concentrations or [DOC] differ significantly among the sub-samples in a composite. Indeed, the
research of Burgess et al. (1996) suggests that natural colloidal porewater systems may often not
achieve equilibrium because thereisinsufficient timefor contaminants with large K o\ vauestofully
equilibrate with interstitial water colloids before the colloids are altered in some way (e.g., by
aggregation and settling) or transported from the sediments. In addition, the mass of PCBs is
predominantly in the particulate-sorbed phase, with at least 99.9 percent of te total mass of al
congenersinthisphase. Thismeansthat the equation used for optimizationsisvery sensitiveto small

errorsin foc and mpoc.

Theresulting estimates of porewater concentrationsrelativeto total sediment concentrationsin
the Hudson differ from those implied by three-phase partition coefficients estimated by Burgesset al.
(1996) for New Bedford Harbor sediments. Thiswork suggested that K poc is closein magnitude to
Koc, and approximately 80 percent of the porewater fraction of tri- and higher-chlorinated PCB
congeners is associated with the colloidal fraction. Partition coefficients (Koc, Kpoc) reported by
Burgess et al., however, were obtained for a very different geochemical environment of a saline
marine sediment, and would appear to over-predict thetotal porewater concentrations reported by GE
in sediments of the freshwater portions of the Hudson. In contrast, applying the three-phase partition
coefficients obtained for the water column to the sediment generally under-predicts GELs reported

total porewater concentrations.

Both the analysis of data for Hudson River sediments and Burgess et al.[1s results for New
Bedford Harbor suggest that DOC-bound PCBs may constitute a significant fraction of the PCB
concentrations in porewater. Further, elevated concentrations of mono- and dichlorobiphenylsin
porewater relative to concentrations of more highly-chlorinated congeners. This phenomenon may

facilitate trangport of these congeners from the sediment to the water column.
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3.1.4 Summary

In this section, two- and three-phase sediment-water partition coefficients were devel oped
based on Phase 2 water column transect data. These coefficients could only be established for those
congeners which had measurable concentrations in both the Odissolved] and suspended matter
samples. Coefficients were calculated for a total of 64 congeners. The two-phase partition
coefficients had a more limited range than those predicted in the literature based on octanol-water
partitioning. The reason for thisisunclear but may be duein part to the inclusion of the DOC-bound
fraction in the measured [ dissolvedl] fraction. The DOC-bound fractionisrelatively moreimportant
to the congeners with lower partition coefficients and lower molecular weights, as demonstrated by

the three-phase partition coefficient analysis also performed here.

Two-phase partition coefficients were shown to be consi stent within awater column transect
for the stationsat TI Dam and downstream. The stations upstream of the TI Dam, particularly Station
4 at Rogersldand, were shown to exhibit substantively different dissolved to suspended matter phase
partitioning, suggesting non-equilibrium conditions at these stations. The use of a temperature
correction term with the two-phase partition coefficient for particulate organic carbon (Kpoc ) Was
shown to be the best predictor of in situ partitioning with a mean difference of 43 percent for all
stations and a difference of only 33 percent for stations downstream of Tl Dam. Thus, with accurate
measurements of in situ temperature, total suspended solids, and particulate organic carbon, it is
possible to predict the phase distribution of PCB congeners to within about 33 percent for the
freshwater Hudson below the T Dam.

Three-phase partition coefficientsfor the water column were calcul ated from the Phase 2 data
aswell. Based on these coefficients, the distributions of several congeners among truly dissolved,
DOC-bound, and suspended matter bound phases were examined. The results demongtrated that the
DOC-bound fraction may be as large as the truly dissolved fraction for the lightest congeners. The
analysis aso showed that the truly dissolved and DOC-bound fractions decrease in importance as

congener molecular weight (i.e., degree of chlorination) increases.
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Composite sample porewater data collected by GE were used to evaluate partitioning between
sediment and porewater, and yielded two- phase partition coefficientsthat were generally consi stent
with the Phase 2 program water column results. Analysis of three-phase partitioning in sediment
suggests that the DOC-bound phase may constitute a significant fraction of the total porewater
concentration for most congeners. Further, because of their lower partition coefficients (Koc and
Kpoc), concentration of mono- and dichlorobiphenylsisenhanced in porewater relativeto more highly
chlorinated congeners, which may facilitate |oading of these congeners from the sediment to the water

column.

3.2 Water Column Mass L oading

Investi gation of the transport of PCBs through the Hudson River by a mass loading analysis
allows for the identification of the relative importance of the various PCB sources and sinks. This
understanding of PCB mass transport is of critical importance in assessing the impact of the Upper
Hudson River sources on the freshwater Lower Hudson River and in assessing the feasibility of

remedial aternatives for mitigating the contamination located in the Upper River sediment.

In this mass loading analysis, water column samples, collected as part of the Phase 2
investigation, are evauated in terms of PCB mass loading on a homologue basis. As part of this
evaluation, several mechanisms, including porewater diffusion/advection and sediment resuspension,
are considered for their potential impacts on the water column PCB inventory. In addition, the
seasona variability of PCB fate and transport in the Upper River is examined. In this section,
emphasis is placed on the understanding of PCB loads on a total PCB and homologue basis.

Subsequent sections will examine PCB |oads using congener-specific information.
3.21 Phase2 Water and Sediment Characterization

In order to monitor the transport of PCBs in the Upper Hudson River, two water sampling
techniques and a sediment sampling technique were applied as part of the Phase 2 investigation. Each

of these sampling methods provides unique insight into the various PCB sources and sinkslocated in

the Upper River.
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The first water column sampling scheme was the transect sampling program. This program
was designed to provide a measure of the instantaneous water column conditions. Samples were
collected in atimed sequence beginning at Fenimore Bridge (RM 197.2) so asto consistently sample
the same parcel of water asthe parcel traveled downstream to Waterford (RM 156.5). These samples
were filtered within four hours of collection using 0.7mm glass fiber filtersto separate the dissolved
phase and suspended matter-borne PCB fractions. Therelative distribution of PCBsin the dissolved
and suspended- matter phasesisimportant in that it providesinformation on the nature of PCB sources

to the water column aswell as on those mechanisms by which the water column inventory is altered.

The second water column sampling scheme was the flow-averaged sampling program. This
program provided ameasure of relatively long-term (15-day) mean water column conditions. Aspart
of the flow-averaged water sampling program, samples were collected on alternate days over a 15-
day period, composited on the basis of river flow, and filtered to separate the dissolved-phase and
suspended matter-borne PCB fractions. However, because the holding times varied among the
individual pre-composited samples, the measured partitioning of PCBs between the suspended matter
and the dissolved phase for the composited samplesis considered lessreliable than that measured in
the transect study. Therefore, only total PCB concentrations, i.e., the sum of the suspended matter
fraction PCB concentration and the dissolved-fraction PCB concentration, of the composited samples
are evaluated in this mass loading analysis.

While the flow-averaged sampling analysis does not provide information on the relative
distribution of PCBs in the dissolved and suspended-matter phases, it is an important tool in
understanding the fate and transport of PCBsin the Upper River. Specifically, it providesabasisby
which to assess whether or not the instantaneous measurements obtained in the transect study are

representative of longer-term fate and transport trends.

The sediment investigation entitled the [Thigh -resolution sediment coring study[] was
developed as part of the Phase 2 investigation to gain insight into long-term, i.e., historica, PCB input,
transport, and dechlorination/degradation in the Hudson River. Thisinvestigation is discussed in
detail in Subsection 2.1.2 of the Final Phase 2 Work Plan and Sampling Plan (USEPA, 1992b).

The coring study is an essential component of the mass balance analysis because it provides

information on the nature of the PCBs entering the water column via resuspension. In addition, by
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assuming that sediment porewater isin equilibrium with sedimentsat 0to 8 cm (0to 3in.), it provides
information on the nature of the PCBs which may enter the river via porewater diffusion and
advection.

3.2.2 Flow Estimation

In amass loading analysis, it isof critical importance to know the flow rate associated with
each sample collected so that the corresponding PCB |oading can be calculated. Flow data collected
by the USGS at RM 194.5 (Fort Edward) are avail able for the time period corresponding to the Phase
2 sampling program (USGS, 19934). However, direct measurements of flow normally collected by
the USGS at the Stillwater and Waterford sampling points were not available due to construction
activities at the Stillwater Dam and at Lock 1. In addition, indirect estimates of flow by the USGS
were not available at the initial time of preparation of thisanalysis. Asaresult, flow estimates for
these stations were made based on the reported Fort Edward flow and daily staff gauge readings
collected by the New Y ork State Thruway Authority, Office of Canals (1993, 1994a, 1994b) (formerly
administered by NY SDOT). Because the flow estimates devel oped here are based on in-river staff
gauges, they are considered to be as good or better than the indirect estimates made by the USGS and
thus were not replaced when the USGS data became available.

In order to estimate flow conditions during the Phase 2 sampling period, several |east-squares
fit models were developed which relate mean daily flow to the staff-gauge heights. Staff gauges,
which arelocated immediately upstream and downstream of each of the locks on the Champlain Cana
(see Plate 3-1), are maintained by the Thruway Authority for the purpose of monitoring water levelsin
the barge canal with respect to the New Y ork State Barge Cana Datum.

These models are accurate in that they provide estimates of flow at Stillwater with a
prediction uncertainty of roughly "15 percent under low-flow conditionsand " 10 percent under high-
flow conditions, based on an analysis of 10 years of USGSflow and staff gauge data. Similarly, flow
at Waterford can be estimated with a prediction uncertainty of roughly "25 percent under low-flow

conditions and "15 percent under high-flow conditions.
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Model Development

As an initia step in the development of the models, the staff-gauge data were screened to
remove outliers, i.e., gauge readings which were significantly different from the trend of the data set.
Further, gauge readings taken between December 15 and March 15 of each year were excluded to

eliminate the impact of inaccuracies caused by ice formation on the Hudson River.

Flow models were developed using various combinations of daily measurement data from
severa staff gauges and USGS-recorded Fort Edward flow as parameters. In addition, toimprovethe
quality of predictionsunder low-flow conditions, i.e., aFort Edward flow lessthan or equal to 8,000
cfs, asecond set of modelswas devel oped to better account for variability observed in the staff-gauge
dataunder these conditions. These modelswere calibrated using Stillwater and Waterford flow data
collected by the USGS between 1983 and 1992 (USGS, 1993b).

Therationalefor using the datafrom severa gaugesto predict flow isthat al of the gaugesare
hydraulically linked together, i.e., an increase in flow measured at one gauge is observed to some
degree at each of the downstream gauges. Assuming that errors associated with the gaugereadingsare
random and not systematic in nature, flow prediction using the datafrom several gaugesimprovesthe
predictive ability of the model by minimizing the significance of the error associated with any
particular gauge reading. In addition, because the availability of gauge data varies from day to day
during Water Y ear 1993 (i.e., each gauge was not read every day), using the datafrom severa gauges
to predict flow provided the flexibility to develop models to match the various combinations of
available data. Note that USGS data are referenced here according to the USGS-defined water year
which extends from October 1 to September 30 and islabeled by the latter year (e.g., water year 1993
extends from October 1, 1992 to September 30, 1993).

Aspart of model development, the flow dataavailable for the 1983 to 1992 period of record
were evaluated to determine the potential importance of response time at downstream stations with
respect to changesin the magnitude of the flow measured at Fort Edward. From thisevauation, it was
determined that the Hudson River and its associated watershed largely behave asasingle unit between
Fort Edward and Waterford. That is, while flow isafunction of several factors including upstream

input, tributary input and localized precipitation events, flow changes observed at downstream
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locations are generally coincident with flow changes observed at Fort Edward. Thisisevidenced by
the nearly identical tracking of dlope changesin the hydrographsfor each of the stations (see Figure 3-
23).

During periods of low flow, however, there does appear to be atimelag of, at most, one day
between the hydrograph sope change measured at Fort Edward and that measured at Waterford. To
account for the potential predictive significance of this lag, contemporaneous Fort Edward flow as
well as Fort Edward flow with a one-day lag were considered as parameters in the model
development for downstream stations. Using a step-wise regressing method, the more statistically

significant, if either one was significant, was included in the least-squares models.

It is important to note that exceptions to the singular watershed response also occur on
occasion when, for example, thereisalocalized precipitation event that does not occur over the entire
watershed. This lack of singular watershed response was an important consideration for flows
predicted between March 27 and April 5; during this period, the lower portion of the Upper River
drainage basin was beginning its spring flood while the upper portion of the Hudson River drainage
basin had not yet begun to thaw. In order to minimize the impact of the disproportionate watershed
response, gauge-only models utilizing only nearby staff gauges were devel oped to predict Stillwater
and Waterford flows during thistime period. No Upper River gauge data or Fort Edward flow data
were included as predictive parametersin these model s to avoid under-estimating the Stillwater and

Waterford flows as aresult of the disproportionately low upstream response.

Flow Prediction Results

Theflow prediction model parameters and the corresponding Stillwater and Waterford flows
calculated for the Phase 2 period of study (January through September, 1993) arelisted in Tables3-11
and 3-12, respectively. The predicted flowswere cal culated using the best model appropriate for the
staff-gauge data available. When the available gauge data were such that flow could be calculated
using more than one of the models devel oped, flow was calculated using the model with the lowest
prediction error. However, aswas noted previoudly, Stillwater and Waterford flows for the March
27 to April 5 time period were predicted using single-gauge models even though sufficient gauge data

were available to allow for the use of better models, i.e., models with lower prediction errors.
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In addition, for several isolated daysduring Water Y ear 1993, the avail able gauge data are not
sufficient for flow calculation. Flow estimates for these days were interpolated using temporally
adjacent predicted flows. Itisimportant to note that Stillwater and Waterford flows were predicted
for January 1 through March 15, 1993 based on available flow and staff gauge data even though the
corresponding staff-gauge data for this time period were excluded in model calibration due to

potential inaccuracies noted previoudly.

Flow Prediction Uncertainty

In order to use the estimated flows predicted with the flow models appropriately, it is
important to quantify the error associated with each of the estimated flows. Interpretation of the
prediction errors presented some statistical problems due to the autocorrelation between the
"independent” variables. Specifically, whilethe correlation between independent variables doesnot
diminish the ability of the modelsto predict flow, it does distort the estimates of model error, i.e., the
quality of fit estimate, r?, and the root mean square error. However, because the gauge and flow data
sets are large, it was possible to assessthe prediction error directly by evaluating the distribution of
the percent residual errors, i.e., thedistribution of the percent differences between the predicted flows
and the measured flows was evaluated for each of the models for each of the flow regimes. A
summary of thisanayss, which indicates the bounds of the central 95th percentile associated with the
distribution of the percent residual errorsfor each of the models, is presented in Tables 3-13 and 3-
14.

Asisevident in Tables 3-13 and 3-14, model prediction error is highly dependent on the flow
regime as well as the model used. For each of the models generated, the prediction error, as
represented by the bounds of the central 95 percent quantile, is much greater for low-flow conditions
and decreases as the flow increases. In short, the higher the flow, the more accurately it can be
predicted. Anexample of the dependence of prediction error on flow regimeisillustrated in the plot

of percent residual error vs. Stillwater flow for low-flow Model C (see Figure 3-24).

In addition to eval uating the prediction error associated with each of the models devel oped, it

isimportant to evaluate whether or not any systematic errorsare introduced by using different models
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as dictated by the available data and the flow conditions. Asillustrated in Figure 3-25, the flows
predicted using the low-flow Stillwater models are generally within 15 percent of each other, whichis
comparable to the range of Stillwater low-flow model prediction errors presented in Table 3-13.
Similarly, asillustrated in Figure 3- 26, the flows predicted using the high-flow Stillwater modelsare
all generally within 10 percent of each other, which is comparable to the Stillwater high-flow model
prediction errors. In addition, during the transition periods between high- and low-flow conditions,
i.e., late March and early May, flows predicted using the low-flow Stillwater models compare well
with flows predicted using the high-flow Stillwater models (see Figure 3-27). Similar results were
obtained for the Waterford models, asindicated by acomparison of Figures 3-28, 3-29, and 3-30with
the prediction errors presented in Table 3-14. Thus, it appearsthat no additional error isintroduced
by using different models to predict flow for Water Y ear 1993.

3.2.3 Fate Mechanisms

On the most basic level, the water column PCB inventory at any location is defined by the
integrated sum of all upstream sources and losses, both external and internal to theriver. Regardless
of its pathway, once introduced to the river by external sources PCBs are then subject to the
geochemical processinternal to theriver. Excluding the external load processes, there are several
mechanisms by which PCBs can be introduced to and lost from the water column. The primary

mechanisms examined in this mass balance analysis include:

Simple advection

Sediment resuspension and settling of suspended solids
Porewater diffusion/advection

Gas exchange

Destruction in the water column

Asindicated in the following descriptions of the PCB flux mechanisms, each mechanismwhich
issignificant within aparticular river segment will alter the congener distribution in aunique manner
consistent with the appropriate partitioning characteristics or source(s) associated with the
mechanism. Therefore, the relative importance of each of these mechanisms can be determined by

evaluating the change in water column homologue distribution across the reach.
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Water Column Impacts

For each of thewater column PCB source and loss mechanisms, the manner inwhich it impacts
the water column is dependent on the relative partitioning of the PCBs between the dissolved and
suspended-matter phases. Specifically, PCBs are hydrophobic and tend to bind preferentially to
organic carbon present in suspended solidsin the water column, dissolved in the water column, or in
the sediments on the river bottom. In the subsequent discussions, suspended and dissolved phase
PCBs will be defined by the operational definitions (i.e., suspended phase PCBs are those PCBs
retained by a 0.7 mm glass fiber filter; dissolved phase PCBs are those which pass through the filter,
encompassing both truly dissolved and DOC-bound PCBs). The relative distribution between the
dissolved and suspended-matter phasesis dependent on the mass-based, congener-specific partition
coefficient, the determination of which is discussed in detail in Section 3.1. In general, the more-
chlorinated PCB congeners are more hydrophobic than the less-chlorinated congeners, and, therefore,
tend to bind more tightly to suspended matter. Thisisa particularly important phenomenon since it

provides atool to differentiate among the PCB gain and loss mechanisms.

Simple Advection

The water column PCB inventory of a given river segment can be increased as a result of
simple advection of PCBsfrom upstream and local tributary contributions. Theseincreases, however,
must be consi stent with the homol ogue di stributions of the sources. Similarly, PCBscan belost from

the water column through various means, such as advective transport downstream.

It is important to note that if an upstream input has not reached equilibrium conditions, the
increase in water column PCB loading measured in the adjacent downstream river segment may be
superimposed on re-partitioning between the dissolved and suspended-matter phases. Inaddition, re-
partitioning may occur upon addition of clean tributary input, i.e., input not contaminated with PCBS,
resulting in changing the concentration and nature of the suspended solids in the water column.
However, under the flow and suspended solids loading conditions measured during the Phase 2
investigation, the theoretical magnitude of thislatter re-partitioning phenomenon appearsto belargely
within the uncertainty of the calculated partition coefficients (i.e., the variability of partition
coefficients downstream of the TI Dam does not appear systematic, see Section 3.1). Thus, itsrelative
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importance cannot be independently determined. Because the homologue distributions between
suspended and dissolved phases associated with the mainstem water column PCB loads were
generally unaffected upon addition of clean tributary input, thislatter re-partitioning phenomenon does

not appear to be important under the conditions measured during the Phase 2 investigation.

When advective transport is considered on a whole water basis, thus accounting for re-
partitioning of the congeners, the total PCB loading from the upstream input should be conserved
assuming no additional PCB input. In contrast, the relative distributions of the congeners in the
dissolved and suspended- matter phases may change dependent upon the proximity of in situ conditions

to equilibrium.

Resuspension and Settling

PCBs can belost from or added to the water column through settling of suspended solidsand
resuspension of sediment. The distribution of homologueslost from the water column through settling
of suspended solids will reflect the homologue distribution associated with the suspended solids.
Similarly, PCBs introduced through resuspension will reflect the homologue distribution of the

aurficial sediments. Either case can potentially change the homologue pattern in the water column.

Because the more-chlorinated, hydrophobic congeners tend to bind more aggressively to the
sediment than the less-chlorinated congeners, the settling of suspended matter tendsto preferentially
remove the more-chlorinated congeners from the water column. Conversely, dependent upon the
nature of the sediments, resuspension of sediment may or may not increase the content of the more-
chlorinated congeners in the water column. If largely unmodified PCBs are at the surface,
resuspension will tend to increase or maintain the fraction of more chlorinated congeners, depending
upon the similarity of the sedimentsto the existing water columninventory. Alternatively, if sediments
containing partly dechlorinated PCBs are resuspended (perhaps viascour of older, altered sediments),
the homologue pattern will shift toward the less-chlorinated congeners. Dechlorination in the
sediments and the likely nature of resuspended sedimentsare discussed in detail in Sections 4.3 and
4.4,

Itisuseful at thispoint in the discussion to differentiate between net and gross contributions to

thewater column load. Aspart of the Phase 2 program, PCB measurements permit the cal culation of
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the net PCB load gain or loss between any two sampling points. This is accomplished by smply
subtracting the PCB load at the downstream station from that of the upstream station. In thisfashion,
changesin the total water column PCB |load are attributed to various portions of theriver. However,
the measurement of the net loss or gain does not address the gross exchange processes. Itispossible,
and even likely in some cases, that gross rates of exchange between sediment and water may dwarf the
net or total PCB transport downstream. In this manner, upstream loads are effectively stored and
replaced with PCBs generated within agiven segment of theriver. Sediment resuspension and settling
is generally considered the principal means of accomplishing such an exchange, although sediment
porewater transport may beinvolved aswell. Inthisfashion, even when loads are constant, the water
column inventory can be completely replaced. Unfortunately, it isnot easy to establish the grossrates
of settling and resuspension. The use of the homol ogue and congener patterns can provide some clues
asto the actual replacement rate but generally do not yield themexplicitly. Inthisanalyss, it hasbeen
typically more successful to use these patterns to establish the character of the sedimentsinvolvedin

sediment-water interactions rather than the gross rates of exchange.

Porewater Diffusion/Advection

The flux of PCBs from the sediment porewater must also be considered as a potentia PCB
source to the water column. Capel and Eisenreich (1990) report PCB concentrations in porewater
samples from the Great Lakes to be anywhere from 10 to 500 times greater than the corresponding
water column concentrations. These elevated concentrations suggest that PCBs may exhibit greater
mobility and biological availability within the sediment and are, therefore, aviable source of PCBsto
the overlying water column. The study by Capel and Eisenreich also suggests that the ratio between
the PCB sediment concentration and the PCB porewater concentration is a function of the
dissolved/colloidal organic carbon (DOC) in the porewater. No porewater measurements were made
during the Phase 2 sampling effort. However, an estimate of porewater DOC is available from the
sediment sampling program conducted by GE in 1991 (O'Brien & Gere, 1993b). This program
yielded composited porewater DOC levelswith amedian level of 37 mg/L and arange of 10to 212
mg/L. Themedian level isseven timesgreater than the median Phase 2 water column level of 5mg/L.

GE also analyzed these composited porewater samples of PCBs although the compositing and other
sample processing techniques may have serioudy affected the accuracy of theresults. Thesedataare
mentioned here only for comparison purposes due to the great concern over sample accuracy and

representativeness. Asnotedin Section 3.1, GE porewater resultsyielded amedian composited total
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PCB concentration of 6,430 ng/L with arange of 230to 57,700 ng/L. These porewater sampleswere
obtained from composited sedimentsin the range of 920 (0.92 ppm) to 149,000 ng/kg (149 ppm) witha
median value of 17,000 ng/kg (17 ppm).

It is difficult to estimate the distribution of PCBs entering the water column as a result of
porewater diffusion and advection. As noted in Section 3.1, conditions affecting porewater
equilibrium may be quite different from those governing the water column. Water to sediment ratios
are vadtly different as are the DOC levels as noted above. However, lacking other data, it may be
possibleto characterize the porewater congener distribution using the partition coefficients determined
for thewater column dissolved-phase and suspended matter- phase distributions without correction for
porewater DOC. An dternative meansto describe the porewater PCB distribution isto use the three-
phase equilibrium coefficients derived from the Phase 2 and GE data sets. As discussed in Section
3.1, in both instances the data are of limited usefulness in this regard. The Phase 2 have low but
consistent DOC values, thus making the estimation of the DOC dependence difficult. The GE data
were subject to some questionable sample handling practices and exhibit alarge degree of variability
intheir porewater to sediment PCB concentration ratios. It isunknown whether the variability isthe
result of the handling practices. While both data sets show substantive variability and differencesin
the three-phase partition coefficients, they both indicate that the lighter congeners are preferentialy
concentrated in the porewater relative to the heavier congeners. Thisisshown in detail for asuite of
14 congeners in Tables 3-10a and 3-10b. This is consistent with the lower two-phase partition
coefficients obtained for the Phase 2 data. Unlike the three-phase coefficient, the two-phase
coefficientsare availablefor alarge number of congeners and this can be used to calcul ate porewater
homologue distributions for comparison to sediment and surface water. These results are presented

later in this chapter.

Gas Exchange
Gas exchange is another mechanism by which the water column PCB inventory can be

modified. This transfer of PCBs across the air-water interface is dependent on the concentration
gradient across the interface and the liquid-phase to gas-phase transfer coefficient or piston velocity

which represents the rate of transfer. That is,

Flux = KL(CDissolved - IDcongener/Hcongener) (3'32)
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where:
K, isthe transfer coefficient or piston velocity in m/s;
Chissolved 1S the dissolved-phase congener concentration in mol esnt;
Peongener 1S the congener partial pressure in the air overlying the river, in atmospheres; and

Heongener IS the congener-specific Henry's Law constant, in atm-m/mole.

The Henry's Law constant is comparable to the previously defined water column suspended matter-
phase to dissolved-phase partition coefficient since it represents the ratio between the congener

vapor-phase concentration, or partial pressure, and its dissolved-phase concentration.

In order to understand how gas exchange potentially impacts the water column PCB inventory,
it is necessary to evaluate the dependence of the gas-exchange flux on congener-specific properties.
There areavariety of modelswhich have been developed to predict the gas-transfer coefficient. The
two most common models are the stagnant film model and the surface renewal model. In the stagnant
film model, K, isafunction of the transport of the PCBs by molecular diffusion across a stagnant
water film at the air-water interface while in the surface renewa model, the primary mechanism
controlling gas exchange is the replacement of the water at the interface with water from the bulk

solution.

Neither model can be easily applied since film thickness cannot be measured directly and the
rates of surface renewal are difficult to quantify (Liss, 1983). Thereare, however, several empirical
modelswhich define K in terms of measurable parameters. Inthese models, K iscontrolled by shear
stressintroduced either by wind or by water vel ocity and varies as afunction of the squareroot of the
congener-specific molecular diffusivity. However, molecular diffusivity, as determined by Bopp
(1983) does not exhibit large variation across the PCB homologue groups. Therefore, because K
varies as the square root of molecular diffusivity, it is, for all practical purposes, independent of

congener-specific properties.

In addition, for the range of concentrations measured during the Phase 2 sampling effort, the
gas-exchange flux is dependent on the dissolved-phase congener concentration and not the

concentration gradient across the air-water interface. That is, based on an estimate of the average
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urban atmospheric congener partial pressure determined by Duinker and Bouchertall (1989) and the
Henry's Law constants obtained from several sources, including Warren et al. (1987), the
Peongener Heongener rétio isroughly three orders of magnitude smaller than the measured dissol ved-phase
PCB concentrations. Therefore, for all practical purposes, gas exchange is independent of the

Pcongener/ Hcongener ratl 0.

Thesefindings haveimportant implicationsfor theimpact of gas exchange on the water column
PCB inventory. Specifically, asnoted above, gas exchangeisdriven by the dissol ved-phase congener
concentrations and is independent of congener-specific properties. Therefore, aloss in the water
column PCB inventory asaresult of gas exchange should result in adecrease in the relative congener
concentrations that is consistent with the ratio of their dissolved-phase concentrations. 1n addition,
because the less-chlorinated congeners are proportionally more prevalent in the dissol ved-phasethan
the more-chlorinated congeners, they are more susceptible to gas exchange than the more-chlorinated
congeners. Thus, the net effect of loss due to gas exchange is preferential remova of the less-
hydrophobic, i.e., less-chlorinated congeners, from the water column, leaving behind awater column

inventory of relatively higher chlorinated congeners.

Destruction in the Water Column

Another mechanism by which thewater column congener distribution can be atered isthrough
destruction within the water column itself. Work by Abramowicz (1990) and Bedard (1990) suggests
that some of the less-chlorinated congeners may be affected by these processes. However, these
processes are generally poorly understood and as such, the relative importance of water column
destruction, as compared to the other fate mechanisms, cannot be determined. Based on the detailed
analysis of the Phase 2 results, presented in Subsection 3.2.5, thisfate mechanism is probably limited

to the warmer months of the year.
Seasonal Dependence of Fate Mechanisms
In addition to understanding the manner in which the various fate and transport mechanisms

impact the water column PCB inventory, it isimportant to consider the seasonal dependence of the

various mechanisms which ater the inventory.
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Simple Advection

The seasonal dependence of ssimple advection of PCBs from upstream and local tributary
contributions is fairly straightforward: as flow increases, the loading rate increases. However,
because increases in flow effectively dilute the concentration of PCBsin the water column, the PCB

loading does not increase in direct proportion to the increase in flow.

Resuspension and Settling

Sediment resuspension is dependent on the flow rate and is, therefore, also seasonaly
dependent. Specifically, resuspension resultsfrom shear stressimparted on the sediment particlesby
the flow of the overlying water. As the flow rate increases, the stress applied to the sediment is
increased and particles deposited under lower-flow conditions may be resuspended. Astheflow rate
increases, more and more particles are resuspended. Particles which can be resuspended by the
applied shear stress re-enter the water column. For fine-grained cohesive sediments (where the
highest PCB concentrations are found), no additional significant resuspension occurs until the shear
stressisfurther increased by an additional increasein flow rate. Therefore, extensive sediment scour
of cohesive sediments, typically associated with high-flow events such as the spring flood, occurs
during the period of increasing flows and is completed soon after peak flows occur. Further

significant resuspension occurs only with an additional increasein flow.

While cohesive sediments are scoured to their maximum possible depth relatively quickly in
response to peak flows, erosion of noncohesive sediments may continue for extended periods beyond
peak flows. Erosion of non-cohesive sediments will continue until the remaining particles in the
surficial sediments are too large to be eroded by the existing shear stress. Erosion will cease when
the maximum possible erosion for the peak shear stressis achieved, or when shear stresses decrease

significantly in response to subsiding flows.

Porewater Diffusion/Advection

Porewater diffusion/advection varies as a function of temperature and is, therefore, a
seasonally dependent phenomenon. Specifically, the porewater flux is dependent on the sediment-
porewater partition coefficients, which are temperature-dependent. As temperature increases, the
partition coefficients, which represent the ratio of the PCB concentration adsorbed to the sediment to

the dissolved PCB concentration in the porewater, decrease. This temperature-driven shift in
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equilibrium results in an increase in the porewater PCB concentration with respect to sediment
concentration. Conversely, a decrease in temperature increases the partition coefficients, thereby
decreasing the porewater concentration with respect to the sediment concentration. TheWarrenetal.
(1987) analysis of PCB partition coefficients, performed as part of the Hudson River PCB
Reclamation Demonstration Project, demonstrated a consistent temperature dependence of partition
coefficientsacrossall congeners, with athree- to four-fold increasein the coefficient at 0°C relative
to the partition coefficient value at 25°C. The important consideration here, however, is that the
temperature dependence is consistent across al congeners, therefore the congener distribution
associated with the truly dissolved PCBs should not be temperature dependent. The presence of
significant DOC levelsin the sediment porewater servesto confound thisissue, however, since both
the partition coefficient to DOC and DOC solubility itself are probably both temperature dependent.
Thisanalysisis presented in Section 3.1.

Temperature change also impacts the viscosity of water, which in turn impacts the porewater
flow rate. Specifically, theflow rateisinversely proportional to the viscosity of the water. Over the
temperature range of °C to 25°C, the dynamic viscosity of water decreases by a factor of two
(Freeze and Cherry, 1979). Therefore, based solely on viscosity considerations, the advective
porewater flow may be substantially lower during the low-temperature, winter months asinthe high-

temperature, summer months, assuming constant hydraulic pressure or head.

In addition to temperature dependence, the porewater flux is likely to exhibit seasonal
variation asaresult of variation in the groundwater hydraulic head. That is, accordingto Darcy'sLaw
for flow through porous media, flow isdirectly proportional to the hydraulic head across the media
(Freeze and Cherry, 1979). Therefore, an increased hydraulic head, aswould be expected during the
late spring when the water tableremains high dueto saturated soilsbut flows arerelatively low since
the spring thaw has occurred, should result in agreater porewater flux than is observed in the winter

or in the summer under low-groundwater table, low-flow conditions.

No measurements were taken during the Phase 2 sampling period to quantify the magnitude of
the seasonal variation in hydraulic head. Therefore, the net effect of seasonal variation in temperature
and groundwater hydraulic head on the relative magnitude of the porewater flux isunclear. However,
based on consideration of both temperature and groundwater head variation, it is likely that the
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porewater flux ismoreimportant in the spring under low-flow, high-groundwater table conditionsthan

other times of the year when low-flow, low-groundwater table conditions are prevalent.

Gas Exchange
Gas exchange is also a seasonally dependent phenomenon. Specifically, during the winter

months when ice cover is extensive, the effective gas-exchange rate is reduced to near zero.

In addition, gas exchange does exhibit some degree of seasonal variation as a result of the
seasona dependence of the gas-transfer coefficient, K. Aswasnoted previously, there are several
empirical modelswhich define K | in terms of measurable parameters. Threeempirical modelsof K
are evaluated here to estimate potential seasonal variation in the gas-exchange rate under different
flow regimes. The Hartman and Hammond model (1985) assumes gas exchange is driven by wind
shear. Thismodel isappropriatefor predicting K, under low-flow conditions where wind-driven gas
exchangeislikely the dominant gas-exchange mechanism. The O'Connor and Dobbins (1958) model
assumes gas exchange is driven by shear induced by water velocity. This model is appropriate for
predicting K_ under high-flow conditions where water velocity-driven gas exchange is likely the
dominant mechanism. Both of these gas-exchange mechanisms are likely important in the Upper
Hudson in the reaches between the dams. I1n addition, amodel developed by Cirpkaet al. (1993) for
gas exchange at waterfalsis evaluated to assess the potential seasonal dependence of gas exchange

across the damsin the Upper River.

Hartman and Hammond (1985) developed the following empirical model for wind shear-

driven gas exchange:

K. % Ry* (Dmz0) /2" (Us0)¥? (3-33)

where:
Dueo is the molecular diffusivity at 20°C in nf/s;
Uy isthe wind speed 10 meters above the air-water interface in m/s; and
Ry is the unitless ratio of the kinematic viscosity of pure water at 20°C to the kinematic

viscosity of water at the measured temperature and salinity.
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In this modedl, K is dependent on the seasonal variation of wind speed and water viscosity.
However, the seasonal variation in wind speed is compensated for by the temperature variation of the
water. Specifically, variationin wind speed, asreported by the USAFETAC Air Weather Service at
the Albany County Airportin Albany, correspondsto afactor of two variation in K, withamaximum
in March/April and aminimum in August. In comparison, K increases by approximately afactor of
two between 0°C and 25°C as aresult of the temperature dependence of water viscosity. When the
wind speed isat its minimum during the late summer, Ry isat its maximum due to the high temperature,

Conversely, during early spring, wind speed is at its maximum while relatively low temperatures
result in an increased water viscosity and decreased Ry. Thus, the net seasona impact on K isless
than the factor of two variation associated with the independent seasonal variation of wind speed and
viscosity. It isimportant to note that because K, does not exhibit significant seasonal variation, the
relative impact of the gas-exchange flux on thewater column PCB inventory will vary inversely with

water trangit times in the Upper Hudson with a minimum effect under high-flow conditions.

O'Connor and Dobbins (1958) developed the following empirical model for gas exchange

driven by water velocity-induced shear stress,
Ky, % (D Vw/H)L/20 (3-34)

where:
Dn, isthe molecular diffusivity in ne/s;
V,, isthe bulk water velocity in m/s; and
H isthe average channel depth in m.

Inthismodel, K| isdependent on the seasonal variation of water velocity, mean channel depth,
and water viscosity. The dependence on water viscosity is not explicit in the above equation but is
based on the assumption that, asin the Hartman and Hammond model, the square root of the molecular

diffusivity varies as the ratio of water viscosity at 20°C to water viscosity at ambient temperature.

Using the O'Connor and Dobbins model, an increase in Fort Edward flow from 3,000 cfsto
30,000 cfs yields a two-fold increase in the gas-exchange flux at constant temperature based on

estimated increases in average Upper River velocity and average channel depth. However, aswas
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noted in the evaluation of the seasona dependence of K, defined by the Hartman and Hammond
model, the viscosity ratio increases by approximately afactor of two between 0°C and 25°C. Thus,

because high-flow, spring-flood conditions are accompanied by low water temperatures and low-flow
summer conditions are accompanied by high water temperatures, it appearsthat for aten-foldincrease
in flow, the impact of the seasona variation in flow on the velocity-driven gas-exchange rate is
compensated for by the impact of the seasona variation in temperature. As was noted in the
evaluation of seasonal impact on wind-driven gas exchange, because K| does not exhibit significant
seasonal variation, the relative impact of the gas-exchange flux on the water column PCB inventory

will vary inversely with flow.

Cirpkaet al. (1993) developed the following model for gas exchange at river cascades,

K % Q*(1-et¢"D?) (3-35)

where:
Qisflow innts;
Cisan empirica constant in ni*; and

Dz isthe difference in water level acrossthe dam in m.

In thismoddl, K isdependent on the seasonal variation in flow aswell asthe corresponding
changeinwater elevation acrossthe dams. However, becausethetotal changeinthewater elevation
across the dams in the Upper River does not vary significantly with flow, K_ varies in direct
proportiontoflow. That is, aten-foldincreasein flow resultsin aten-foldincreasein K. Therefore,
unlikewind- and water vel ocity-driven gas exchange within the reaches between the dams, therelative

importance of gas exchange across the dams is constant regardless of flow.

Destruction in the Water Column

As noted previously, the destruction of PCBswithin the water column isa poorly understood
phenomenon. However, it is likely that this phenomenon is biologically driven (Bedard, 1990;
Abramowicz, 1993). Asaresult, it would be anticipated that these process would have aminimum
effect in winter and a maximum effect in late spring or summer, based on the general correspondence

of biological activity to temperature.

3-56 TAMS/Cadmus/Gradient



3.2.4 Conceptual Modd of PCB Transport in the Upper Hudson

As discussed in Section 3.2.3, there are many processes which can affect the water column
PCB inventory. For thisreason and in keeping with the technical approach discussed in Section 1.3,
the conceptual model used hereisareatively simple one where advection isthe primary mechanism
for overall PCB transport. By examining PCB loads at each monitoring point in asampling event, the
effectsof dilution of thewater column inventory by clean tributaries are eliminated and net changesin
load represent the results of PCB sourcesand sinks. Other mechanismsareinvoked only when needed
to explain the changesin PCB inventory. However, the current knowledge of the magnitude of many of
these processesisrelatively poor. Thus, thereislittle basisto provide an independent estimate of the

size of each process.

Because of this uncertainty, identification of these sources and sinks is based largely on
congener and homol ogue pattern matching, essentially using the PCB resultsto Cfingerprint(] theload
changes. Changesin total load as well as PCB pattern are matched to known sources and sinksin a
region so as to assign the load change (i.e., the flux) to the most likely process or source. In this
manner, many sources or mechanisms can be ruled out as being unimportant since they would serveto
alter the load and PCB pattern in ways not compatible with the noted changes. Although it is
theoretically possible that some combination of sinks and sources could combine to produce some of
theload and pattern changes seen in theriver, the approach taken here will be to explain these changes
in the smplest manner, i.e., with the fewest number of processes, sinks and sources.

As will be shown, PCB patterns in the river appear to be ultimately derived from asingle
source, i.e., the GE facilities at Ft. Edward and Hudson Falls. These facilities represent the first
major input to the Upper Hudson. Gainsin water column PCB |oad below Ft. Edward are attributed
to the sediments which represent alarge inventory of PCBsreadily availableto thewater column. The
sediment PCB contamination is derived from the GE source areawith subsequent changesin congener
pattern produced by in situ processes such as anaerobic dechlorination. PCB transport from the
sediments can be attributed to sediment resuspension and porewater exchange. When gainsin PCB
load are accompanied by large changes in suspended solids load, resuspension of contaminated

sedimentsisthe likely transport mechanism. However, when no change in suspended solidsload is
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evident, either or both of these processes may be involved since the congener pattern of the flux from

the sedimentsis not easily separated into these two components.

The generd construct for the conceptual model for water column PCB transport applicableto

the Phase 2 study period involves the following:

° Essentialy no PCB load is generated above Bakers Falls (i.e., background . 0).

° PCB loadsin the Upper Hudson River are ultimately derived from asingle source (i.e., the GE
facilities) either by direct input (including groundwater seepage) or by re-release from the

sediments (via sediment resuspension or porewater exchange).

° The GE facilitiesat Hudson Falls and Ft. Edward generate a substantive but variable PCB
load whose congener patternis principally derived from Aroclor 1242 with smaller amounts
of Aroclors 1254 and 1260.

o Downstream of Ft. Edward, a substantive PCB load originates from the sediments of the Tl

Pool via resuspension and/or porewater exchange.

° Downstream of the TI Dam during the cooler months (January to June), the river appearsto
carry itsload to Waterford without modification (i.e., no substantive lossor gainin PCB load
or homologue pattern). Thus, during this period, there are no substantive PCB fluxes other than
advection downstream of the T1 Dam.

° Downstream of the Tl Dam during the summer (July to September), areatively small load
gain (25 percent) occurs. At the same time, the water column homologue pattern gradually
changes downstream of the TI Dam. Specifically, the monochloro- and dichlorohomologues
gradually decrease relative to the rest of the PCB homologues. Theload gainis attributed to
input by the sediments by either resuspension or porewater exchange. The reasonfor thenoted
changein homol ogue pattern isless certain and may be dueto biological destruction withinthe

water column. Alternatively, this pattern change may result from more extensive exchange
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between the water column and sediments than is indicated by the small net gainin PCB load.

Gas exchange or some combination of all these processes may be responsible as well.

3.25 River Characterization

For the purpose of characterizing the mass transport of PCBsin the Upper Hudson River, the
Upper River has been divided into a series of seven segments, the end-points of which are coincident
with water column sampling stations. Refer to Plate 1-2 for thelocations of the sampling stations. In
each of these segments, the potential sources of PCBs to the water column are identified as are the
important mechanisms by which the water column PCB inventory may be altered. References to
permitted PCB releases to the Hudson are based on the information presented in the Phase 1 Report
(TAMS/Gradient, 1991). Additiona information concerning these discharges is presented there.
Table 3-15 provides a summary of the data compiled by NUS for USEPA (NUS, 1984). Thetable
summarizes data obtained by Tofflemire and Quinn (1979) and Tofflemire (1980) for NY SDEC.
These reports are referenced in this section in regards to sediment PCB inventory.

The first river segment extends from RM 199.5 at Glens Fallsto RM 197.2 at the Fenimore
Bridge upstream of BakersFalls. (During many sampling events, monitoring was conducted slightly
upstream of the Fenimore Bridge at approximately RM 197.6; for purposes of this analysis, no
distinction between the two locationsismade.) The PCB levels measured within this river ssgment,
as part of the Phase 2 study, are typically quite low, lessthan 10 ng/L, representing the background

level PCB contribution to the downstream segments.

The second river segment extends from the Fenimore Bridgeto RM 194.6 at the northern tip of
Rogersldand. Within this section, the primary source of PCB input to the water column appearsto be
the GE Hudson Falls facility located near Bakers Falls. The exact composition and loading
characteristics of the GE source from this area are currently unknown. However, its relative
contribution to the overall PCB mass transport can be estimated by noting its congener/homologue
pattern. In this analysis it is assumed that the GE source is similar in congener/homologue
composition to the Transect 1 sample collected at RM 195.5 in the Remnant Deposit area, which is
less than 1.5 miles downstream of the facility (see Figure 3-31). This sample had a total PCB

concentration that was higher than that measured in any of the other transect studies. No changein total
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suspended solids was measured between the background station and the sample collected at RM 195.5
during Transect 1 implying that no substantive sediment resuspension had occurred. Because the
samplewasrelatively concentrated and was not associated with aresuspension event, it islikely that
it represented an unaltered PCB release from the GE Hudson Falls facility and, therefore, should be
representative of the homologue distribution of the GE Hudson Falls source. Although this sample
wasrelatively concentrated at 252 ng/L, it waswell below the solubility limit for Aroclor 1242 which
is approximately 300,000 ng/L (MacKay et al., 1992).

Asdiscussed in Section 2.2.1 of thisreport, this segment a so includes the SPDES-permitted
discharge from the GE Fort Edward Plant. Thisdischarge was estimated to be approximated 0.00026
kg/day of total PCBs during the period 1991-1994. Also, contaminated sediments at the GE Fort
Edward outfall and contaminated groundwater/seeps from this area may have aso contributed to the
Upper River load.

According to the Feasibility Study for the Hudson River PCBs Site prepared for USEPA by
NUS Corporation (1984), the sediment in this river segment contains approximately 1 percent of the
total PCB massinthe Upper River. Thus, the sediment isapotential, although likely minor, source of
PCBsto thewater column. In addition, thisriver segment includes the Remnant Deposit areawhich,
although capping of several of the more contaminated deposits was completed in 1990 as part of the
GE Remnant Deposits Containment Project, may also contribute PCBs to the water column via
movement of groundwater through the remnant deposits, sediment resuspension and porewater
diffusion/advection.

The third river segment extends from the northern tip of RogersIdand to RM 188.5 at the T|
Dam and includes the T1 Pool. The Tl Pool is of particular concern since, according to Tofflemire
(1980) as summarized in the NUS Feasibility Study, the T1 Pool sediment contains approximately 40
percent of the total mass of PCBsin the Upper River. Inaddition, according to Tofflemire and Quinn
(1979), the T1 Pool sediment contains approximately 60 percent of thetotal PCB mass contained in the
Upper River hot spots, i.e., those regions with a mean PCB concentration greater than 50 mg/kg.
Thus, the T1 Pool sediment isapotentially important source of PCBsto the water column via sediment

resuspension and porewater diffusion/advection.
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Within this river segment, the Snook Kill and the Moses Kill enter the river and provide a
combined flow contribution of approximately 3 percent of the total flow at the TI Dam based on
drainage basin area considerations. The Moses Kill likely provides some PCB input to this river
segment since leachate from the Fort Miller Landfill site used by GE was discharged to an unnamed
tributary of the MosesKill although historical (1992) SPDES requirements state that thisdischarge be
lessthan 0.5ng/L total PCBs. Sampleswere not collected from the Moses Kill and Snook Kill and, as
a result, the exact nature of their PCB and suspended-matter contributions is unknown. However,
because their combined flow contribution is roughly 3 percent of the total flow at the TI Dam, their

relative contributions to the PCB inventory are most likely small.

Within this river segment, the large PCB inventory in the sediments can modify the water
column PCB inventory via sediment resuspension and settling. These processes modify the PCB
inventory by removing PCBs sorbed to settling suspended matter and adding PCBs associated with
surface sediments. Because resuspension will not necessarily add the same particleslost by settling,
thewater column PCB inventory changes. When the rate of sediment resuspension isgreater than that
of settling (i.e.,gross sediment addition via resuspension is greater than gross suspended matter loss
via settling), net resuspension occurs. The importance of net resuspension in atering the PCB
inventory islikely minor sincethe net gain in suspended solids load across the T1 Pool, as presented
in Figures 3-32 through 3-35, istypically small, even during high-flow events, and is probably within
measurement error. Any true gain in suspended matter across this reach islikely the result of minor
sediment resuspension or inflow of suspended matter from the Moses Kill and the Snook Kill. As
mentioned previoudy, inflow from the tributaries should not significantly alter the homologue
distribution across the reach. Alternatively, gross settling and resuspension may serve to transport a
significant PCB load by the replacement of the relatively |ess contaminated suspended matter with the
more contaminated sediments of the Tl Pool. This phenomenon should increase with increasing flow;
i.e., greater flow yields greater exchange because more energy is available to suspended larger
particles, thus increasing resuspension while larger particle settle faster than smaller ones, thus
increasing the settling rate. Resuspension and settling appear to be limited in the Tl Pool since the
larger flow events, Transect 1 and Flow-Averaged Event 1, indicate that the load generated above
Rogers Idand is transported relatively unaffected through the Tl Pool. Conversely, low flow

conditions show asubstantial increasein PCB |oad across the Pool accompanied by adistinct change
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in homol ogue pattern suggesting that an alternative mechanism, such as porewater movement, may be

involved in the transport of PCBs from the sediments to the water column.

In porewater movement, water from within the sediments of the river bottom isdisplaced and
added to the overlying water column. This generally occurs via infiltration of groundwater.
Porewater exchange occurs via diffusion through the porewater to the water column with little

movement of the porewater itself.

The sediments of the Tl Pool present arange of concentrations and congener patterns which
can potentially impact the water column. A range of sediment PCB homologue distributions were
measured during the Phase 2 high-resol ution sediment coring program in the near surface sediment (O-
8 cm). Any of these sediments may be available to impact the water column PCB load within this
reach as a result of resuspension or porewater diffusion/advection. One end of the range is
represented by arelatively unaltered PCB mixture, similar to the Aroclor 1242-likesourceoriginating
from the GE Hudson Fallsfacility. ThisPCB distribution isrepresented in diagram A of Figure 3-36.
This patternissimilar to the homol ogue pattern for the GE Hudson Falls source shown in Figure 3-31.

The other end of the range consists of those PCB mixtures where significant dechlorination has
occurred. Thetypical homologue pattern for these sedimentsis shown in diagram F of Figure 3-36.
For these sediments, the contribution of mono- and di-substituted congenersis substantially increased,
with respect to the first sediment type, while the contribution of the more-chlorinated congenersis
decreased. Thisshiftisindicative of alteration of the sediment PCB inventory due to dechlorination
of the more-chlorinated congeners. Theremaining diagrams on Figure 3-35 show increasing degrees
of dechlorination moving from diagrams A to F. Both dechlorinated and relatively unaltered
sediments can be found at the surface aswell as at shallow depths. Porewater concentration derived
from these sediments are shown in the diagrams of Figure 337. These porewater patterns are
estimated using the congener-specific two-phase water column partition coefficients discussed in
Section 3.1. Whenindividual congener partition coefficients are unavailable, the median coefficient
for the homologue group was used in the calculation. After calculating the individual congener
porewater concentrations, the results were summed into homol ogue groups to produce the diagrams
shownin Figure 3-37. For al sediment types, the concentration of the mono- and dihomologue peaks

are enhanced relative to the heavier groups. Aswill be discussed later in this section, these patterns
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are similar to those seen in the water column at the TI Dam. Dechlorination of PCBswithin Hudson
River sedimentsis discussed in Section 4.3.

The next mgjor river reaches, as defined by dam locations, extend from the TI Dam to the Lock
6 - Fort Miller Dam and from the Lock 6 - Fort Miller Dam to the Lock 5 - Northumberland Dam,
respectively. There are no mgjor tributaries that enter the river within these reaches. Because there
are no sampling points between RM 188.5 at the TI Dam and the sampling point at RM 181.3 near
Schuylerville, which is located approximately two miles downstream of the Northumberland Dam,
these reaches and the stretch of river between the Northumberland Dam and the Schuylerville sampling

point are combined to form the fourth river segment analyzed.

Withinthelast portion of thisfourth river ssgment, the Batten Kill entersthe Hudson River just
upstream of the Schuylerville sampling point and provides approximately 13 percent of the total flow
at Schuylerville based on drainage basin area considerations. The Stevens & Thompson Paper
Company, Inc., located in Greenwich, is permitted to discharge adaily maximum loading of 0.00054
pounds per day of Aroclor 1242 into the Batten Kill. Despitethissource, the PCB levelsmeasured in
the Batten Kill as part of the Phase 2 sampling effort are typically quite low.

According to Tofflemire (1980), the sediment within thisriver ssgment contains approximately
22 percent of the total mass of PCBs in the Upper River. In addition, according to Tofflemire and
Quinn (1979), the sediment contains 23 percent of the total PCB mass contained in the Upper River
hot spots. Thus, the sediment within this river segment is a potential source of PCBs to the water

column via sediment resuspension and porewater diffusion/advection.

As was noted for the upstream river segments, the relative contribution of sediment
resuspension to the PCB inventory ismost likely minor. That is, asillustrated in Figures 3-32through
3-35, there is no unequivocal evidence of scour within thisreach. Any increasein suspended-matter
loading is the result of inflow of suspended matter from the Batten Kill. The surficial sediment
samples and the water column samples collected in the Batten Kill as part of the Phase 2 study
exhibited PCB concentrations at |east ten times|ess than thosein the mainstem Hudson. Based onthis,

inflow from the Batten Kill should not impact the water column PCB inventory.
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The fifth river segment examined extends from the Schuylerville sampling location to the
Stillwater sampling location at RM 168.2, just upstream of the Stillwater Dam. The Fish Creek enters
the Hudson River just downstream of the Schuylerville sasmpling point and provides approximately 8
percent of the total flow at Stillwater based on drainage basin area considerations. There are no
known facilitieswhich are permitted to discharge PCBsinto the Fish Creek or into the Hudson River

within this reach.

According to Tofflemire (1980), the sediment within this reach contains approximately 15
percent of the total PCB mass in the Upper River. In addition, according to Tofflemire and Quinn
(1979), the sediment within this segment contains approximately 3 percent of the total PCB mass
contained in the Upper River hot spots. Thus, asnoted for the upstream river segments, resuspension
and porewater diffusion/advection are potential mechanisms by which the water column PCB

inventory may be altered.

The resuspension of sediment appearsto have been a potentially important source of PCBsto
thewater column during Transect 3, athough it is dwarfed by the much larger scour event downstream
asillustrated in Figure 3-33. The net gain in solids within this reach during the other transect and
flow-averaged events is relatively minor and may be due to suspended matter inflow from the
Battenkill and Fish Creek and, as such, should not alter the PCB inventory.

Possible sources of uncertainty in estimating the PCB and suspended solids|oad gainsin this
reach include the PCB and suspended solids load estimates made for the Schuylerville station. As
discussed above, potentia incomplete mixing of water from the Batten Kill at this station will serveto
overestimate the PCB |oad and underestimate the suspended solids|oad at Schuylerville, based on the
high suspended solids and low PCB load associated with the Batten Kill. These inaccuracies may

result in apparent changes in the water column loads for this reach.

The sixth river segment analyzed extends from the Stillwater sampling location to the
Waterford sampling location which is located at RM 156.6, just upstream of the Mohawk River
confluence. Thissegment contains several reacheswhich are separated by the dams associated with

Lock 3, Lock 2, and Lock 1. However, because there are no sampling stations between Stillwater
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and Waterford, no additional resolution is gained by dividing the sixth segment coincident with the
dam-separated reaches.

TheHoosic River dischargesinto the Hudson River approximately one mile downstream of the
Stillwater Dam and provides approximately 15 percent of the total flow at Waterford based on
drainage basin area considerations. The Hoosic River is a potentia source of PCBs to the Hudson
River since the Columbia Corporation located in North Hoosic is permitted to discharge PCBs at a
daily average concentration limited to the minimum reliable detection limit based on USEPA Method
608. Also, asnoted in the Phase | Report (TAMS/Gradient, 1991), the sprague Electric Company in
M assachusetts was permitted to discharge minor amounts of PCBs to the Hoosic River. Measured
PCB levelsin the Hoosic River were generally similar to those found in the Batten Kill and as such

are not expected to represent a substantive flux to the Upper Hudson.

According to Tofflemire (1980), the sediment within this reach of the Hudson contains
approximately 16 percent of the total PCB mass in the Upper River. In addition, according to
Tofflemire and Quinn (1979), the sediment within this reach contains approximately 12 percent of the
total PCB mass found in the hot spotsin the Upper River. Thus, the sediment isa potential source of

PCBsto the water column via resuspension and porewater advection/diffusion.

The resuspension of sediment appearsto be an important source of PCBsto the water column
during Transect 3. While the net suspended solids gain across this river segment is significant
regardless of theflow rate, as shownin Figures 3-32 to 3-35, it isprincipally the result of the Hoosic
River[Js suspended solids contribution. Only during Transect 3 is there unequivocal evidence of
sediment scour within the segment. This scour should dter thewater column homologuedistributionin
amanner consistent with the associated surficial sedimentswhileinput from the Hoosic River during
other times of the year should largely serve to dilute the water column concentration and make only

minor contributions to total PCB load.

Thefina (seventh) river segment in the Upper Hudson River extends from Waterford to RM
153.0 at the Green Idland Bridge, which is just downstream of the Federal Dam at Troy. The major
tributary within thisreach isthe Mohawk River, which provides approximately 43 percent of the flow

at the Green Island Bridge based on drainage basin area considerations. Flow at the Green Iland
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Bridge was cal culated as the sum of the predicted Waterford flow and the USGS-measured M ohawk
River flow at Cohoes, which isapproximately two miles upstream of the confluence with the Hudson
River. There are no known facilities which are permitted to discharge PCBsinto the Hudson River
within thisriver ssgment. Based on Phase 2 sampling, the contribution by the Mohawk to the total PCB
load is minor but not insignificant. The magnitude of thisload is discussed later in this Chapter.

The proximity of the Mohawk confluence with the Green Idand Bridge sampling point may
preclude complete mixing of the Mohawk River discharge with the Hudson River. Asaresult, the
Green Idand Bridge sample may not always accurately reflect the dilution and inventory contributions
of the Mohawk River.

According to Tofflemire and Quinn (1979), there are no PCB hot spots within this river
segment. However, according to Tofflemire (1980), the sediment within this river segment does
contain approximately 4 percent of the total PCB mass within the Upper River. Thus, resuspension
and porewater diffusion/advection are potential mechanisms by which the water column PCB

inventory may be altered.

Within thisriver segment, the relative importance of resuspension in altering the water column
PCB inventory is likely minor. Although, asillustrated in Figures 3-32 through 3-35, the net solids
gain between Waterford and Troy appearsto be significant under both low- and high-flow conditions,
thisincreaseislikely the result of suspended solids contribution by the Mohawk River. Based onthe
Phase 2 results, the water column PCB |oad from the Mohawk during low flow conditionswas usually
less than 3 percent of that for the Upper Hudson. During high flow event in which aonein 100 year
flood event occurred on the Mohawk (Transect 4) the M ohawk[ls contribution was 20 percent of that
from the Upper Hudson. Based on this, aswell as the results from sediment cones presented later in
this chapter, the Mohawk is not expected to substantively affect the water column PCB inventory inthe
Lower Hudson. It should be noted that the Phase 2 water data available for this reach are limited
sinceonly during Transects 1, 4, and 6 were samples collected at the Green Island Bridge. However,

the high resolution sediment cores compensate for the small water sample data set.
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3.2.6 MassL oad Assessment

As a part of the examination of the Phase 2 data, PCB mass loads were calculated and
compared among stationsfor each of the transects and flow-averaged events. Water column Transects
1, 3, 4, and 6 were sel ected for detail ed analysi s as representative measures of seasonal PCB fate and
transport. The Flow-Averaged Events 1, 2, 3, 5, and 6, which temporally correspond to some of
these transects, are also included in the analysis to provide verification that the instantaneous
conditions measured in the transects are representative of longer-term transport characteristics. The
remaining sampling events, Transects 2, 5 and 8 and Flow-Averaged Event 4 are not presented here
because they largely duplicate the results seen in the other events. However, the data obtained from

these events are included in calculations presented in this report as appropriate.

Winter - Low-Flow Conditions

Transect 1 was conducted during late January and early February 1993 and represents PCB
fate and transport characteristics associated with low-temperature, low-flow, winter conditions.

During this transect, much of the Upper River was covered with ice.

Ascan be seenin Figure 3-37, thereisno significant PCB input to the water column upstream
of RM 197.2 at the Fenimore Bridge. However, there is alarge PCB loading to the water column
between the Fenimore Bridge and RM 194.5 at the northern tip of Rogers Idand.

The PCB input within this segment based on the sampl e collected at Rogersidandiscons stent
with the GE Hudson Fallsfacility source measured in the subsegquent Phase 2 water column sampling
effortsasit isdominated by the suspended-matter phase. However, the sampleisnot consistent with
the GE Hudson Falls source homol ogue distribution, characterized by the highly-concentrated Transect
1 sample collected at RM 195.8 near the Remnant Deposit area (see Figure 3-31). In addition, itis
not consistent with the subsequent downstream samples or with any other measurements taken
anywherein the Hudson River during the water column transects and flow-averaged events. Thus, it
appears that both the homol ogue distribution and the apparent magnitude of the loading were in some
way affected by the ice-cover conditions which persisted during sampling. Alternatively, field or
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|aboratory alteration may have modified the sampleresult. Asaresult, thissamplewasexcluded from

further analysis.

The GE Hudson Falls source makes a significant contribution to the water column load above
Rogers Isand. However, as can be seen in Figure 3-38, an additional source, which substantially
increases the dissolved-phase PCB concentration and has a homologue pattern distinct from that
exhibited by the GE Hudson Falls source, is introduced to the water column PCB inventory between
Rogersidand and the TI Dam (RM 188.5). The Tl Dam sample has ahomologue pattern smilar to the
homologue distributions found associated in the sediments and their porewater from the Tl Pool
sediment. Figure 3-37 shows different porewater homologue distributions based on the high
resol ution sediment core PCB distributions shown in Figure 3-36. Whilethese core results cannot be
extrapolated to infer surficial concentrationsthroughout the T1 Pool sediments, they can be consdered
examples of the types of congener and homologue distributions found in Tl Pool sediments. The
porewater mixtures were determined using the congener specific two phase partition coefficients
devel oped from the Phase 2 water column data as presented in Section 3.1. In comparing Figure 3-38
with Figures 3-36 and 3-37, it is clear that the load at TI Dam islargely derived from the sediments
and is relatively unrelated to the homologue pattern seen above Rogers Iland (see Figure 3-31).
Based on the similarity to sediment and porewater homologue distributions, it appears that either
sediment resuspension or porewater may beresponsiblefor thisload. Evidencefor thisexchange will
be examined for each of the water column sampling events presented here. Although the exact
magnitude of the Tl Pool source cannot be quantified in this transect as a result of the discrepant
Rogers Iland sample discussed above, the Pool source appears to provide the majority of the PCB
input to the water column at the TI Dam. This conclusion is based on the observed shift of the PCB
burden from the suspended-matter phase to the dissolved phase as well as the shift in homologue

pattern to one consistent with the properties of Tl Pool dechlorinated sediment.

Ascan be seenin Figure 3-38, the Batten Kill makesavery minor contribution of PCBsto the
water column. Thisinput ispresented in Figure 3-39 and islargely dominated by the penta- and hexa-
chlorinated congeners. However, its total load is so small that it has little effect on the homologue
pattern as seen in the similarity between the TI Dam and Schuylerville station patterns.

In support of the absence of Batten Kill input, there is essentially no changein the total water
column PCB load between the TI Dam and Schuylerville. While there is a very dight shift in the
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homologue distribution, this variation is within flow prediction and anaytical measurement
uncertainty. Thus, there appearsto be no additional source within thisriver ssgment during thistime

period.

Continuing downstream in Figure 3-38, the water column PCB inventory islargely conserved
between the TI Dam and Waterford at RM 156.6. While there is an apparent 18 percent increasein
total PCB load, this apparent increase is not accompanied by a changein the homologue distribution.
Given the uncertaintiesin analytical measurement and flow prediction, thisapparent load increaseis
considered to be within measurement error.

The water column load measured at RM 153.0, at the Green Iland Bridge at Troy, is
comparable to the sum of the load measured at Waterford and the load introduced by the Mohawk
River. However, the homologue distribution is dightly skewed towards the more-chlorinated
homologues, which suggests loca sediment exchange as a PCB source. The mass balance of
suspended solids presented in Figure 3-32 does not support scour asasource mechanismin Transect 1
since the net gain in suspended solids is consistent with the suspended solids introduced by the
Mohawk River. Thus, the cause of this apparent shift in the PCB homologue distributionisunclear. It
IS important to note that during Transect 1 the Green Island Bridge sample was collected near the
eastern shore dueto ice cover conditionson theriver. For Transects4 and 6, however, sampleswere
collected from the center of the River. These latter samples did not exhibit any shift in congener
distribution, which suggeststhat the shift in homol ogue pattern measured during Transect 1 may bethe

result of local sediment conditions surrounding the sampling location.

In summary, the PCB fate and transport trends observed during Transect 1 are, in generd,
similar to those observed during the subsequent low flow transect and flow-averaged sampling events.
Specifically, theload at the TI Dam appearsto be derived from the sediments and porewater of the T
Pool. In subsequent transects, it will be evident that this source (the T1 Pool sediments) providesthe
majority of the input during low flow conditions as is evidenced in the substantial increase in PCB
load, in the shift of the PCB burden from the suspended- matter phase to the dissolved phase and in the
shift in homologue pattern to one consistent with Tl Pool sediment and porewater. The exact
magnitude of the T1 Pool source during Transect 1 cannot be quantified as aresult of the discrepant

Rogers Idland sample.
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In addition, the homol ogue distribution of the water column inventory is essentially constant
between the TI Dam and Waterford. Thus, between the Fenimore Bridge and Waterford under low
flow conditions, the T1 Pool source providesthe bulk of the PCB input to the water column. However,
between Waterford and the Green Idand Bridge at Troy, there is a minor decrease in load
accompanied by a shift inthe homologue distribution. The cause of thishomol ogue pattern isunknown
but isbelieved to be the result of avery localized condition sinceit is not seen in subsequent samples

from this station.

Early Spring - Transition between L ow-Flow and High-Flow Conditions

Transect 3 representsthe PCB fate and transport characteristics associated with thetransition
period between low-flow, spring conditions and high-flow, spring conditions. At the start of the
sampling event, the Upper River exhibited typical early-spring, low-flow conditions. However,
during the sampling period, the flow in the Batten Kill and the Hoosic River increased substantially

due to the onset of the spring thaw and accompanying snow melt.

As a result of the sharp transition from low- to high-flow conditions, the Batten Kill,
Schuylerville and Hoosic River samples were taken during the low-flow conditions, while the
Stillwater and Waterford samples and an additional Hoosic River sample were taken during the high-
flow conditions. Becausethefirst Hoosic River samplewastaken prior to the onset of the high-flow
event, it does not represent the actua tributary input to the Waterford sample. Similarly, the second
Hoosic River sample (total suspended solids only), which wastaken after the Waterford sample, may
not be representative of the actual tributary input present in the Waterford sample. In addition, the
sampling time for each station was determined based on Fort Edward flow, the conditions at the start
of the transect, and drainage basin area calculations. The sampling time did not compensate for the
unforeseen increase in Batten Kill and Hoosic River flows and, as a result, the Stillwater and
Waterford sample measurements do not correspond to the same parcel of water measured at the
upstream stations. Nonetheless, the transect samples still reflect relatively consistent conditionsin the
Upper Hudson.

As can be seen inthe summary of the Transect 3 loading in the Upper River (see Figure 3-40),
thereisno appreciable PCB input to the water column upstream of RM 197.2 at the Fenimore Bridge.
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There is, however, arelatively small increase in the PCB loading to the water column between the
Fenimore Bridge and RM 194.5 at the northern tip of Rogers ISand. The homologue distribution
associated with this source is consistent with the GE source as characterized by the Transect 1
Remnant Deposit area sample, i.e., the tri- and tetrachlorobiphenyls are most important and the
monochl orobiphenylsare not present (see Figure 3-31). Althoughitisnot included in Figure 3-40, the
sample collected at RM 195.8 in the Remnant Deposit area exhibits the same homol ogue distribution
measured at Rogers Idand. This suggests the absence of an additional PCB source between the

Remnant Deposit area sampling station and Rogers Island.

The overall importance of the Fenimore Bridge to Rogers Island river segment is minor as
compared to the water column load associated with the Tl Pool asthereisafive-fold load increase
between RogersIsland and the TI Dam. The homologue pattern associated with the TI Pool sourceis
very smilar to the TI Pool homologue pattern measured in Transect 1. That is, itisgenerally similar
to the homologue patterns of dechlorinated TI Pool sediment at a depth of 0to 8 cm or perhapswith
porewater generated by any Tl Pool sediments (see Figures 3-36 and 3-37). This Tl Pool source
produces awater column mixture which is dissolved-phase dominant asaresult of the shift to theless
chlorinated homologues, with lower partition coefficients. In comparing Figure 3-40 with 3-38 a the
Tl Dam, it is evident that the Transect 3 TI Dam mixture contains a greater fraction of the lighter
congeners. Thissuggeststhat the load generated in the T1 Pool during Transect 3was larger than that
seen in Transect 1. Thetotal load at the TI Dam was approximately 1/3 larger in Transect 3 than
Transect 1 but the net load from the Pool during Transect 1 could not be determined. Alternatively, it
ispossiblethat theload from the T1 Pool sediment was more dependent on porewater transport or that
sediment resuspension involved sediments more altered than those shown in Figure 3-36 during this

sampling event.

Ascan be seen in Figure 3-40, the PCB |oading between the TI Dam and Schuylervilleremains
essentialy constant both in magnitude and in homologue pattern, suggesting conservative PCB
transport between the two stations. However, at the next station, Stillwater, the PCB |oad has doubled
whilethe homologue pattern was | eft | argely unchanged. Inthisinstance, itislikely that theincreased
load isduein part to the largeincrease in Batten Kill flow which took place in between the collection
of the Schuylerville and Stillwater transects. Note the large difference in flow between the stations.

Thisincreasein flow would serveto increase the suspended solidsinventory asnoted in Figure 3-33
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by the addition of [lclean] suspended solids from the Batten Kill as well as resuspension of

contaminated sedimentsfrom theriver bottom. In either case, the homol ogue distribution should shift
toward the suspended matter fraction asthe PCB load would equilibrate with the increased suspended
solidsinventory. Thisisevident in the Stillwater diagramsin Figure 3-40. The absence of alarge
changein overal homologue pattern, however, indicatesthat most of thisshift isprobably the result of
addition of clean suspended solids from the Batten Kill. Figure 3-41 shows the probable mean
homol ogue pattern for the Batten Kill based on ahigh resolution coretop. This pattern isnot evident
inthe Hudson, however, since the Batten Kill PCBs occur at such low concentrationsrel ative to those
found in the Hudson. Large scale scour additions would probably affect the overall water column
inventory since the surface sedimentsin thisregion have adifferent homologue distribution, generally
lessaltered, than the water column distribution at Stillwater. Compare the central diagramsin Figure
3-41 with that of the Stillwater sample. Figure 3-42 presents the average homol ogue patterns from
shallow sediment samples collected downstream of the TI Dam. Given the dissimilarity between the
water column load and the observed sediment homologue distributions, it islikely that the increased
flux at Stillwater in thistransect is probably simply dueto increased flow, moving the tracked parcel

of water more quickly, perhaps accompanied by small scour additions from the river bottom.

While the PCB load introduced to the water column in the TI Pool is transported
conservatively between the TI Dam and the Stillwater sampling point, theload isincreased five-fold
between Stillwater and Waterford. Thisisthe result of sediment scour and tributary input caused by
the onset of the spring flood in thelower half of the Upper Hudson, particularly on the Hoosic River.
Theincreasein suspended matter asaresult of the scour event isillustrated in Figure 3-33. However,
it should be noted that the relative contributions of the Hoosic River suspended solids input and the
Hudson River scour to the water column gain in suspended solids is not well defined since two
Hoosic River samples were collected but neither sample temporally corresponds to the Waterford
sample. The first Hoosic River sample, collected under low flow conditions, isthe only one with
PCB data and is included in Figure 3-40. There are no PCB data for the high flow Hoosic River
sample so it isimpossible to define the PCB flux from thistributary to the Hudson during this period.
However, if the dissolved and suspended matter PCB concentrations from the low flow condition are
used, the contribution from the Hoosic is estimated at 48 mg/s under high flow as compared to the
mainstem transport of 200 mg/s a Waterford. This represents an upper bound of the Hoosic

contribution sinceit islikely that the suspended matter under the higher flow condition would be much
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less concentrated than that for the lower flow even though the overall mass transport is generally

higher under high flow conditions.

It isalso important to note that the Transect 3 scour event appearsto beto be directly related
to the onset of high-flow conditionsin the Hoosic River since no subsequent scour was observed in
Transect 4. Mainstem Hudson flow was higher during Transect 4 than Transect 3 in thisregion but the
Hoosic River flow was no longer experiencing high-flow conditions. The scour during Transect 3

may represent erosion of PCB-bearing sediments deposited within or near the Hoosic River delta.

Regardless of the exact nature of thetributary input, the net impact of the scour event isevident
in the sample taken at Waterford. Specifically, 90 percent of the water column load is in the
suspended-matter phase. 1n addition, the suspended matter-phase homol ogue distribution isdominated
by thetetra- and tri-chlorinated congeners and appearsto consist largely of the Hudson River surficial
sediment. The Hoosic River PCB contribution isminor as noted above and thereislittle evidence of
its homologue pattern at Waterford. In particular, the HoosiclJs homologue pattern is distinctly
dominated by the pentachlorobiphenyls based on a high resolution core top, unlike the mixture at
Waterford (see Figure 341). The water column sample for the Hoosic River collected during
Transect 6 shown in Figure 3-39 a so indicates that the Hoosic River congener pattern is unlike that
seen at Waterford.

During Transect 3, the suspended matter-phase |oad increase is accompanied by ashift in the
di ssolved-phase homol ogue distribution from being dominated by di-chlorinated congenersto being
dominated by tri-chlorinated congeners. This shift is most likely the result of re-partitioning of the
congener load between the newly added suspended-matter and the dissolved phase.

In summary, the general trends of PCB fate and transport exhibited in Transect 3 are similar to
those exhibited during Transect 1. Specifically, during Transect 3, the TI Pool source provided the
bulk of the water column PCB load between Fenimore Bridge and Stillwater. There were no other
comparable additions or losses from the water column within this reach as evidenced by the
congistency of the homol ogue pattern and the magnitude of PCB loading. 1n addition, aswas observed
in Transect 1, the TI Pool source appearsto be derived from dechlorinated sediment found in the Pool

or from porewater derived from T1 Pool sediments. However, in contrast to the Transect 1 results, the
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most important source of PCBsto the water column during the Transect 3 transition between low-flow
spring conditions and high-flow spring conditions was the scour event between the Stillwater and
Waterford sampling stations as aresult of the onset of the spring flood in the lower part of the Upper
River. This scour event contributed approximately five times the cumulative PCB loading of the

upstream sources to the water column.

Spring - High-Flow Conditions

The Transect 4 and Flow-Averaged Event 1 sampling eventstook placein mid-April and late
April/early May, respectively, and represent the water column PCB fate and transport characteristics
during high-flow, spring-flood conditions. The flow conditionsin these sampling events are different
from that of Transect 3; during these later events, the entire Upper River was responding to the high-

flow conditions associated with the spring thaw.

As can be seen in Figures 3-43 and 3-44, the background PCB levelsintroduced to the Hudson
River above RM 197.2 at the Fenimore Bridge are negligible during both the Transect 4 and the Flow-
Averaged Event 1 sampling efforts. However, within theriver reach extending from Fenimore Bridge
to RM 194.5 at the northern tip of Rogers Idand, both sampling events show a significant PCB |oad.
Based on the transect results, this load is principally borne by the suspended-matter phase. The
homol ogue distribution associated with this water column load is amost identical to the homologue
distribution exhibited by the GE Hudson Falls source, characterized by the Transect 1 Remnant
Deposit area sample (see Figure 3-31). The magnitude of the water column loading measured in the
later flow-averaged event is approximately half that measured in Transect 4. The exact cause of this
decreaseisunknown but islikely the result of the variable loading dynamics associated with the GE

Hudson Falls source.

Further evidencefor the linkage of thisload to the GE facility can beinferred from the absence
of significant scour, asillustrated in Figure 3-34, in Transect 4 upstream of the TI Dam. Suspended
solids loads are essentially constant at the Fenimore Bridge, Rogers Idand, and TI Dam stations. In
addition, throughout the Upper River, the PCB mass per mass of suspended solids does not decrease,
as would be expected in a scour event due to the resuspension of both clean and contaminated

sediment. Thus, the increased loading associated with the high-flow event does not appear to be the
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result of scour in the Upper River. Instead, it appears to be the result of the PCB loading dynamics
associated with the GE Hudson Falls source.

As can be seen in Figures 3-43 and 3-44, there is an apparent decrease in the water column
PCB load acrossthe TI Pool during both the Transect 4 and Flow-Averaged Event 1 sampling efforts.
For Flow-Averaged Event 1, the exact nature of this decreaseisunknown. However, for Transect 4,
thisloss does not appear to bereal and isinstead the result of the sampling protocol followed at the Tl
Dam sampling station. Specifically, during this sampling event only, water column samples were
taken from both the eastern and western banks of the Hudson River, the composite of which was
assumed to best represent the river characteristics. However, it appears that the river was not
horizontally well-mixed at this sampling point due to the proximity of the Moses Kill confluence.
Thus, the sampl e collected from the eastern bank of the river would have over-represented the Moses
Kill loading and as such, effectively diluted the composite sample by approximately afactor of two.
In support of thiscontention, notethat theload at Schuylervilleisessentially identical to that at Rogers
Island.

Similar dilution problemswere not encountered in the earlier transect studiessince, asaresult
of access difficulties, the samples were collected from the western river bank only. Subsequent
transect and flow-averaged samples were taken from the western bank only due to access difficulties
aswell. Thenotion that the TI Dam location is representative at water column transport is borne out
by the consistency between samples taken from the TI Dam and the corresponding Schuylerville

samples which are collected from multiple points on a bridge across the river.

Notable in Transect 4 is a significant increase in PCB load within the dissolved phase, in
contrast to the decrease in total water column load measured at the TI Dam. This increase is
accompanied by a similar scale decrease in the suspended matter concentration. This increase
appears to be dominated by the trichlorobiphenyls. This change in the dissolved to suspended PCB
mass distribution is likely to be the result of water column equilibration of the load introduced
upstream. As noted in Section 3.1, the Rogers Iland station typically had a higher suspended to
dissolved PCB concentration ratio as given by the partition coefficient. Thus, this transfer is
consistent with the equilibration process. Once below the TI Dam, the ratio of suspended to dissolved
stays relatively constant.
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The absence of other significant sources during Transect 4 isindicated by the consistency of
the total PCB load as well as the homologue pattern throughout the Upper Hudson. Conversdly, for
Flow-Averaged Event 1, there is a significant increase in the mono- through tetra-chlorinated
congeners across the Tl Pool in spite of the net mass loss to the Pool. The relative ratios of this
increase are consi stent with input of porewater from unaltered T1 Pool sediment (compare Figure 3-44
with Figures 3-36 and 3-37).

An important difference between the Transect 4 TI Dam water column PCB load and those
observed in the other transect events is that the total water column load remains suspended matter-
phase dominant. In addition, for both Transect 4 and Flow-Averaged Event 1, the homologue
distribution associated with the total PCB load measured at the TI Dam is most smilar to the GE
Hudson Falls source homologue distribution. Thus, during the high-flow sampling events, the TI Pool

source is much less important to the total water column PCB load than the GE Hudson Falls source.

Asisevident in Figure 3-43, there was an apparent two-fold increasein thewater column load
between the TI Dam and RM 181.3 near Schuylerville during the Transect 4 sampling effort.
However, this apparent increase is largely due to the dilution of the TI Dam sample discussed
previously. The water column load measured at the Schuylerville sampling station is almost
identically reproduced in the sample collected at RM 168.2, near Stillwater, and again at RM 156.6,
near Waterford. At each sampling location, the water column PCB load is suspended matter-phase
dominant and the corresponding homologue distribution is nearly identical to that measured at the Tl
Dam. Whilethereisan apparent 30 mg/s (14 percent) decreasein thewater column load at Stillwater
relative to the upstream and downstream stations, the load variation is considered to be within the
flow measurement uncertainty. Thus, it appears that during the high-flow conditions represented by
Transect 4, there are no water column source or loss mechanismsin effect between RogersIdand and

Waterford that are comparable in magnitude to the GE Hudson Falls source.

The homologue distribution measured during Transect 4 at RM 153.0, near the Green Iland
Bridge at Troy, is also consistent with that exhibited at the upstream sampling stations. However,
there is an apparent 40 percent increase in water column load between Waterford and Troy. This

apparent load increaseislikely the result of incomplete mixing of the Mohawk River flow yielding a
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sample which over-represents the upstream load contribution. This conclusion is based on the
observed conservation of the homol ogue distribution between the two sampling stations and the close

proximity of the sampling site to the Mohawk River confluence.

In summary, the general PCB fate and transport characteristics observed during Transect 4
were also observed during Flow-Averaged Event 1. The similarity between these seasonally
coincident sampling events suggests that the instantaneous water column characteristics measured

during Transect 4 are representative of longer-term PCB fate and transport characteristics.

The PCB fate and transport trends observed during Transect 4 and Flow-Averaged Event 1 are
not consistent with those trends observed in the other transects and flow-averaged events.
Specifically, in this case, the bulk of the water column PCB load is introduced upstream of Rogers
Isand. There does not appear to be a significant flux within the TI Pool during this period asis
evidenced by the consi stent homol ogue distribution and suspended matter- phase transport throughout
the Upper River. Thisisin contrast to thelarge dechlorinated PCB flux observed in Transects 1 and 3

as well as subsequent sampling events discussed below.

In short, the water column PCB load istransferred conservatively (i.e., without any substantive
changes in total load or its homologue distribution) between Rogers Iland and the Green Island
Bridge at Troy, adistance of 40 miles. Thus, it appearsthat, under high-flow conditions, the effects of
other PCB sources or sinks on the water column load are relatively minor as compared to the GE

Hudson Falls source.

Late Spring - Low-Flow Conditions

Samples were collected for Flow-Averaged Events 2 and 3 during late May and early June,
respectively, and represent PCB fate and transport characteristics associated with low-flow, late-
spring conditions. Asisevident in the summaries of the PCB |oading characteristics associated with
these events (see Figures 3-45 and 3-46), there is no appreciable input of PCBsto the water column
upstream of RM 197.2 at the Fenimore Bridge. However, within the river segment extending from
Fenimore Bridge to Rogers Idand, there is a significant PCB load introduced to the water column

during both sampling efforts.
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For Flow-Averaged Event 2, the homologue distribution associated with this water column
load is amost identical to the homologue distribution exhibited by the GE Hudson Falls source,
characterized by the Transect 1 Remnant Deposit areasample (see Figure 3-31). For Flow-Averaged
Event 3, the water column inventory measured at Rogers Idland is approximately three times greater
than that measured in Flow-Averaged Event 2, and the homologue distribution associated with this
source is unlike any variation of the GE source measured in the other transect and flow-averaged
events most notably because of the large fraction of mono- and dichlorobiphenyls. Thus, the nature of

the PCB source contributing to this water column load is unknown.

Theimportance of the T1 Pool sourceto the water column load is demonstrated in both Flow-
Averaged Events 2 and 3. Specifically, as can be seen in Figure 3-45, the water column load is
increased three-fold between Rogers Island and RM 188.5 near the TI Dam during Flow-Averaged
Event 2. Aswas observed in Transects 1 and 3, the homologue distribution associated with this
increaseis consistent with an input derived from dechlorinated T1 Pool sediment. Ascanbeseenin
Figure 3-46, the characteristics of the water column load at the T Dam during Flow-Averaged Event 3
are also consistent with the T1 Pool dechlorinated sediment.

Although there is large difference between the magnitudes of the PCB loads measured at
RogersIdand in Flow-Averaged Events 2 and 3, the water column loads measured at the TI Dam are
nearly identical, in magnitude and homol ogue distribution, for both sampling events. Thissuggeststhat
during this period, processes occurring within the Tl Pool govern the PCB | oading at the TI Dam and
that thisflux islargely independent of the upstream loads, at least at the levels measured in these two
events. The strong similarity in load conditions at the TI Dam despite the different upstream
conditions suggests that the weter column load at the Tl Dam is derived from gross exchange
processes which serve to remove some or all of the upstream load and replace it with one derived
from the Pool sediments. This might be accomplished by some combination of settling of suspended
matter, resuspension of T Pool sediments, and porewater exchange. Given the similarities between
the water column load and both the TI Pool dechlorinated sedimentsaswell asthe Tl Pool porewater,
either resuspension or porewater exchange could serve asthe source. However, the mechanism by
which the upstream load isremoved isunknown. One possi ble explanation would involverelatively

high rates of sediment settling and resuspension with no net change in total suspended solids|oading.
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This would serve to remove the upstream load by settling and replace it via resuspension with
dechlorinated sediment. In conjunction with this, porewater transport could serve to enhance PCB
transfer from the sediments, particularly for the least chlorinated congeners. Water column may also
serve to remove afraction of the PCB load but this appears unlikely in light of the near-conservative

transport observed from the TI Dam to Waterford noted below.

For both Flow-Averaged Events 2 and 3, the total PCB |oads measured at the TI Dam are
transported conservatively between the TI| Dam and RM 156.6, near Waterford. Specificaly, thereis
less than a 3 percent increase in PCB |oad across this reach for both sampling events. However, in
both sampling events, there is a decrease in the relative contributions of the mono-chlorinated
congeners. In addition, thetri- through hexa-chlorinated congenersexhibit acorresponding increasein
relative contribution to the water column load. Thus, athough total mass is transported
conservatively, there appears to be minor PCB source and loss mechanisms (e.g., exchange via
porewater diffusion or advection), which impact thewater column loading inthisreach. However, the

net result of these mechanisms does not appear to be significant with respect to the Tl Pool source.

In summary, the general PCB fate and transport trends observed during low-flow, late-spring
conditions in Flow-Averaged Events 2 and 3 are similar to those observed in Transect 1 (winter
conditions) and Transect 3 (early spring conditions). Specifically, the GE Hudson Falls source makes
a measurable contribution to the water column load above Rogers Iand. However, the TI Pool
source provides the bulk of the input asis evident in the shift in the water column load distribution
from the more chlorinated to less chlorinated homologues. This shift aso produces a changein the
dominant PCB transport phase, from the suspended- matter phaseto the dissolved phase. The nature of
the T1 Pool source consistently appears as adechlorinated PCB mixture derived from the sedimentsor
from porewater. The mechanism for PCB transfer is unknown but the mechanism appears to be
relatively independent of the upstream loading, supplying a consistent load level with a consistent

homol ogue pattern regardless of the loading from upstream.

Thewater column inventory istransported in a conservative manner between the TI Dam and
Waterford although there is a decrease in the mono-chlorinated congeners accompanied by a dight
increase in the tri- through hexa-chlorinated congeners. This shift in homologue distribution is

indicative of minor source and |oss mechanisms within the reach.
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Summer - Low-Flow Conditions

Transect 6 samples were collected in late August and represent the PCB fate and transport
characteristics associated with low-flow, high-temperature, summer conditions. In addition, Flow-
Averaged Events 5 and 6 samples were collected in mid-August and mid- September, respectively, and
also represent low-flow, high-temperature PCB fate and transport characteristics.

As can be seen in the summaries of the PCB loading characteristics associated with these
sampling efforts (see Figures 3-47 through 3-49), thereis no appreciableinput of PCBsto the water
column upstream of RM 197.2 at the Fenimore Bridge. However, substantive levels of PCBs are
introduced within the river segment extending from the Fenimore Bridge to RM 194.6 at the northern
tip of Rogersldand. The magnitude of the PCB loading across this segment is comparabl e for each of
the summer sampling efforts. In addition, for each of these sampling efforts, the homologue
distribution associated with thisinput is consi stent with the GE Hudson Falls source as characterized
by the Transect 1 Remnant Deposit area sample (see Figure 3-31). However, in Transect 6, unlike
other sampling events, the water column PCB load at Rogers Island is dominated by the dissolved
phase. All other transects have a predominantly suspended matter dominant load at this location.

Similarly, the water column PCB load measured during Transect 6 at RM 188.5 near the Tl
Dam isamost exclusively in the dissolved-phase. However, as can be seenin Figures 3-47 through
3-49, the homologue distributions measured during Transect 6 and Flow-Averaged Events5 and 6 at
the T1 Dam are consistently skewed to the less-chlorinated congeners. Thisshift in homologue pattern
is consistent with an input derived from the T1 Pool dechlorinated sediments or Pool sediment
porewater, probably involving both sediment resuspension and porewater transport. During each of
these sampling efforts, the Tl Pool source resulted in a greater than three-fold increase in the water
column total PCB load. Like the conditions seen in late spring, the load generated by the Pool was
consistent throughout thisperiod. The Tl Dam load wasin therange of 7.3 to 10 mg/sand consistently
exhibited the same homologue pattern.

Ascan be seen in Figure 3-47, the homol ogue distribution of the water column load measured

during Transect 6 reflects the T1 Pool sediment source but slowly changes from station to station
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traveling downstream from the TI Dam. There is aso a 10 percent (0.07 kg/day) increase in the
magnitude of theload. Thisload increaseiswithin measurement uncertainty but nonetheless, thereisa
clear dteration in the water column PCB content from TI Dam to the downstream station. Thus, it
appears that there are important mechanisms affecting the PCB load during the summer period.
Because so much of the PCB load i s carried in the dissolved phase during this period, it islikely that
the processes responsible for the gradual homologue change work act on this phase. In addition, the
low flow ratestypical of this period would tend to minimize sediment resuspension asan important
mechanism. There is a strong similarity between the homologue pattern at Waterford and the
homologue distribution seen for partially altered surface sediments (see Figure 3-37, diagram D).
This suggests that resuspension and settling with partially altered sediments below the TI Dam may
gradually modify the water column homologue pattern. Alternatively, water column processes may
serveto degrade the lighter congeners during transit through the Upper Hudson. Biological activity is
a a maximum during this period and would represent a likely candidate. Several authors have
documented destruction of less chlorinated congeners under aerobic conditions (Bedard, 1990;
Brown, 1994).

Thereisan apparent 20 percent decrease in the PCB load at the Green Island Bridge relative
to Waterford. However, thislossisnot accompanied by achange in the homologue distribution or in
the relative distributions of the dissolved and suspended-matter phases. Thus, this apparent lossis
likely the result of incomplete horizontal mixing of the Mohawk River. That is, dueto the proximity of
the Mohawk River confluence with the Green Idland Bridge sampling point, it islikely that the Green

Island Bridge sample does not accurately represent the Mohawk River dilution.

In comparison to the Transect 6 results, both Flow-Averaged Events 5 and 6 also exhibit
significant increasesin the water column PCB |oad downstream of the TI Dam (see Figures 3-48 and
3-49). However, no sampleswere collected at Schuylerville during the flow-averaged eventsand, as
aresult, the gradual changein homologue pattern is not documented. Both eventsindicate an increase
inthewater column load of approximately 18 percent to 39 percent (0.15 to 0.25 kg/day) between the
TI Dam and Waterford. These changesin load, particularly the second value are beyond the level of
uncertainty associated with those samples. In addition, the consistent gain and homologue pattern
change shown in al three summer events strongly support the occurrence of an additional sediment-
based load below the TI Dam. In general, the loading characteristics exhibited by Flow-Averaged

3-81 TAM S/Cadmus/Gradient



Events 5 and 6 are consistent with the loading characteristics exhibited by Transect 6 at each of the
coincident sampling locations. Thus, itislikely that theload increases exhibited by the flow-averaged

events and the homol ogue distribution changes are due to the same processes described for Transect 6.

Asisevident in the above analysis, Flow-Averaged Events 5 and 6 exhibit the same general
trends observed in Transect 6. This suggests that the instantaneous water column characteristics
measured during Transect 6 are representative of longer-term PCB fate and transport characteristics

associated with low-flow, high-temperature, summer conditions.

Transect 6 and Flow-Averaged Events 5 and 6 exhibit the same general PCB fate and transport
trends observed in al but the Transect 4 and Flow-Averaged Event 1 high-flow events. Specifically,
porewater or dechlorinated sedimentsfromthe T1 Pool provide the mgjority of the water column PCB
load. In contrast to the trends exhibited by Transects 1 and 3 and Flow-Averaged Events 2 and 3, the
homologue pattern changes as the river moves downstream, suggesting additional porewater or
sediment interactions possibly combined with biological influences. Further, thereis evidence of a
load gain between the TI Dam and the Schuylerville sampling station, which was not observed during
the other Phase 2 sampling efforts. This source introduced an average of 25 percent of the PCB load
introduced upstream of the TI Dam on atime weighted basis. The water column total PCB inventory
is transported conservatively between Schuylerville and the Green Island Bridge in Transect 6.
However, there is a preferential decrease in the mono- and di-chlorinated homol ogues which may
represent sediment or porewater interaction or destruction of the less-chlorinated PCBs within the
water column. In short, it appearsthat under low-flow, summer conditions, the magjority of the Upper
River PCB input to the water column isintroduced upstream of RM 181.3. Thisload is transported
through the Upper River to Troy with minor aterations and additions.

Summary

In general, similar PCB fate and transport trends were observed in each of the transects and
flow-averaged events. Thus, there are several important conclusions that can be drawn from this
detailed analysis. Whilethese conclusions are based only on the Phase 2 sampling period (January to
September 1993), subsequent sampling by GE (as discussed in Section 3.4) verifiesthe applicability

of these conclusions over amuch greater period.
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Approximately 74 percent of the water column PCB load measured at the TI Dam under
low-flow conditions originateswithin the TI Pool. However, under high-flow conditions,
the region between Bakers Falls and Rogers Iland (most likely the GE Hudson Falls
facility source) contributes more than 90 percent of the water column load measured at the
Tl Dam. (Note: remedia efforts by GE subsequent to the Phase 2 study period have
greatly reduced the releases from the GE Hudson Falls facility, thus reducing the

importance of this areato the total water column PCB load.)

The characteristics(i.e., the homologue pattern) of thetotal PCB | oad a the TI Dam during
low flow conditions are generally quite similar to those of sediments and are readily
distinguished from those of the GE Hudson Falls releases.

The close match of the water column homologue pattern to that of the sediment identifies
the sediments asthelikely source of the water column load. The data suggest that the tota
PCB load at Tl Dam is not the result of a simple addition by the sediment to the Rogers
Isand load. Rather it appears that some, if not all, of the upstreamload is stored within
the Pool and that processes within the Pool servetoyield aload at the TI Dam principally
derived from the sediments, either from dechlorinated sediment directly or from sediment

porewater or both.

A source within the TI Dam to Schuylerville river segment increases the water column
PCB load measured at the TI Dam by, on average, 28 percent during late summer
conditions. The measured mass |oad increase had arelatively wide range (0.07 to 0.25
kg/day) representing 10 percent to 39 percent of the TI Dam load and so its exact
magnitudeis not well constrained. 1n addition, this source appears to be significant only

under low-flow, summer conditions.
With the exception of the Transect 3 scour event, the total PCB load introduced to the

water column upstream of the Schuylerville sampling station is transported to Waterford

with no substantive changein loading. Homologue distributions are maintained over this
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distance under winter to late spring conditions. Summer conditionsyield only amoderate

change in pattern and arelatively small increase in load.

The magnitude of the Tl Pool source and its homologue pattern exhibits some variability
which may be seasonal. However, the range of variability appears consistent with the

homol ogue distributions associated with T1 Pool sediments and its associated porewater.

In two of three transect studies, the water column loading measured at Waterford is
consistent in homologue pattern with that measured at the Green Island Bridge at Troy
which suggests no significant additional PCB sources between Waterford and Troy.

3.2.7 SourceL oading Quantitation

In general, smilar PCB fate and transport trends were observed in each of the transect and
flow-averaged events. Based on these consistent trends, there are several important conclusions that
can be made regarding the fate and transport of PCBs in the Upper Hudson River. While these
conclusions apply strictly to 1993, they are generally well supported by the monitoring data collected
by GE from 1991 to 1996. Thus, the conclusions can be considered characteristic of Upper Hudson
conditions. (The GE data are discussed in Section 3.3.4.) One particularly important conclusionis
that the T Pool sourceisdistinguishable from the GE Hudson Fallsfacility source; it is characterized
by the presence of |ess chlorinated congeners, particularly monochloro- and dichlorobiphenyls. The
source produces ahomol ogue pattern consistent with estimated porewater conditions associated with
TI Pool or sedimentswith dechlorinated sedimentsfrom the Tl Pool. PCBsare probably transferred

by sediment resuspension and porewater movement.

In addition, for all of the transect and flow-averaged sampling efforts, there was ameasurable
contribution of PCBs from the GE Hudson Falls source. However, asindicated in Table 3-16, in all
but the spring high-flow conditions, represented by the Transect 4 and Flow-Averaged Event 1 results,
the T1 Pool source contributed approximately 74 percent of the Upper River PCB load a the TI Dam
(mean percentage increase of 291 percent for the low flow events). Once in the water column, there
appearsto beonly relatively minor losses or gains, indicating that the T1 Pool contribution isroughly

74 percent as well at Waterford. In addition, in al but the Transect 3 scour event, the sources
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upstream of RM 181.3, near Schuylerville, contributed essentially all of thetotal PCB load measured
at Waterford. The conservative total PCB transport between Schuylerville and Waterford suggests
that, with the exception of the Transect 3 scour event, the sources upstream of Schuylerville are the
primary sources of PCBs to the water column in the Upper River. Further, these PCB inputs pass
relatively unaltered, as through a conduit, through the length of the Upper River during winter and
spring conditions. It is important to note that changes in water column loading on the order of " 20
percent, as shown in Table 3-16, are within the uncertainty associated with flow prediction and are
most likely not representative of significant water column gainsor losses. In addition, the magnitudes
of theload increases and decreases presented in Table 3-16 represent tributary contributions aswell

as other source inputs.

In Transects 4 and 6, the PCB homol ogue distribution measured at Waterford is consistent with
that measured at the Green Idand Bridge at Troy. This suggests that there are no substantial PCB
source or loss mechanisms in effect within this reach. However, because of the potential for
incomplete mixing at the Troy sampling station due to the proximity of the Mohawk River confluence,
the magnitude of the PCB loading at Troy isnot well constrained. Therefore, the possible presence of

additional PCB source or loss mechanisms within this reach while unlikely cannot be ruled out.

In contrast to the general 1oading trends noted above, essentialy all of the water column PCB
burden associated with Transect 4 and Flow-Averaged Event 1 wasintroduced to the water column
above Rogersidand. During these high-flow events, thewater column load waslargely carried inthe
suspended matter phase and remained suspended-matter phase dominant through the length of the
Upper River. However, asdiscussed in the detailed analysis, thisincreased loading associated with
the high-flow event does not appear to be the result of scour. Instead, it appears to be the product of

the loading dynamics associated with the GE Hudson Falls source.

In Transect 3, asaresult of the onset of spring-flood conditions, scour provided more than 94
percent of the total water column PCB load at Waterford (a gain of 1554 percent). As noted in the
detailed analysisin Subsection 3.2.5, this scour appears to be directly related to the increase in the
Hoosic River flow and represents erosion of Hudson River PCB-bearing sedimentswithin or near the

Hoosic River delta and does not represent a PCB load originating in the Hoosic River.
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Another important conclusion that can be drawn from the detailed analysisisthat the magnitude
of the T1 Pool source isrelatively consistent throughout the study period. That is, as can be seenin
Table 3-16, the net Tl Pool PCB load gain variesfrom 0.19 kg/day to 1.15 kg/day (excluding spring
high-flow conditions), the maximum of which occursin the summer under low-flow conditionsand the
minimum of which occurs in the late spring under low-flow conditions. Essentially, the net TI Pool
loading is consistent at around 0.65 kg/day excluding spring high flow. Only under spring high flow

conditionsis there no substantive T1 Pool contribution.

Like thetotal PCB loading, the homologue distribution of the T1 Pool source appearsto vary
moderately. Ignoring the high-flow, spring-flood conditions, the T1 Pool source exhibitsahomologue
distribution consistent with asediment based source. Winter and spring conditions are characterized
by a greater fraction of mono- and dichlorobiphenyls relative to the summer conditions. However,
overall the homologue distribution at the TI Dam is quite consistent in spite of the variation of thetotal

load over time.

The cause of thevariationinthe Tl Pool sourceisunclear. Itispossiblethat thisvariationis,
in part, related to seasonal variation in hydraulic head which would then affect porewater transport to
the river. For example, under conditions of high groundwater table and low river flow, the
groundwater tableislikely high enough, relativeto theriver surfaceto provide asignificant hydraulic
head. In contrast, under conditions of high groundwater table and high river flow, the relative height
of the groundwater table to the river surface is reduced, thereby reducing the hydraulic head. Thus,
based on Darcy's Law (see Subsection 3.2.3), it seemsreasonabl e that thisvariation in hydraulic heed
would result in avariation in the magnitude of a porewater flux. However, the impact of hydraulic
head variation on the PCB content of the Tl Pool source is unclear. Alternatively, sediment
resuspension may bethe cause of the variability since thisphenomenon variesinversaly with flow. In
any event, it is clear that the sediments of the Tl Pool are responsible for the net load gain acrossthe

Pool.

With the exception of the spring conditions, the passage through the Tl Pool generates a
consistent homologue pattern at the TI Dam independent of the upstream loading. This suggests that
thereislarge scal e gross exchange between the sediments and the water, effectively removing some or
all of the upstream PCB load and replacing it with one derived from the Tl Pool sediments. This, in
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turn, suggeststhat at low flow conditionstheload at the TI Dam isrelatively independent of theload at
Rogers Idand.

The sediments of the Hudson, from the TI Dam to Waterford also appearsto generate aload,
but only under summer conditions. Thisload gain was evident in three of the four summer sampling
events, although it was closeto the cal culation uncertainty in two of these instances. Based on asingle
transect (Transect 6) it appearsthat thisload originates above Schuylerville. Thereisno evidence of
this sourcein thewinter or spring sampling efforts. The Schuylervilleareasourceissimilar tothe Tl
Pool sourceinthat it iscomprised of less chlorinated congeners which are principally transportedin
the dissolved phase. It islikely that the sedimentsin this reach are responsible for this source.

Because the relative contributions of the GE Hudson Falls, T1 Pool, and Schuylerville sources
vary, it isimportant to put these sources in perspective. As noted above, the GE source contributes
essentially all of the water column load during the high-flow, spring-flood event. However, the high-
flow event only extends over aperiod of approximately 20 days. Assuming anegligibleinput fromthe
TI Pool during this period, the GE source contributes approximately 250 kg of PCBs to the water
column annualy, based on a mean high-flow daily load of 12.6 kg (see Table 3-16). In addition,
under low-flow conditions, the GE source contributes 120 kg/yr of PCBs, based on amean low-flow
daily load of 0.36 kg. The sum of these high- and low-flow inputsyields an annual GE Hudson Falls
source contribution of approximately 370 kg of PCBs. In comparison, assuming a mean low-flow
PCB load of 0.66 kg/d (see Table 3-16), the Tl Pool source contributes approximately 225 kg of PCBs

to the water column on ayearly basis under low-flow conditions.

The magnitude and duration of the Schuylerville source input are not well defined due to the
lack of available measurements which exhibit unequivocal evidence of this source. However,
assuming amean PCB daily load of 0.2 kg/d, based on measurements from Flow-Averaged Events 5
and 6 (see Table 3-16), and an assumed duration of 120 days, this source contributes about 25 kg to

the water column on an annual basis.

In addition to the above-mentioned sources, it isimportant to consider the water column PCB
load associated with sediment scour. With the exception Transect 3, there was no unequivocal
evidence of scour during any of the sampling events. Therefore, only the magnitude of the PCB input

associated with what appeared to be aHoosic River-driven scouring of Hudson River sedimentscan
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be determined. Assuming that thistype of scour event extends over arelatively short period of time,
i.e., five daysor less, it would contribute about 83 kg per year, based on the daily load estimate of
16.6 kg/d (see Table 3-16 under TI Dam to Waterford load gain for Transect 3). Assuming that a
comparable Hoosic River-driven scour event occurs on ayearly basis, thisload contributes about 83

kg of PCBsto the water column on an annua basis.

Asisevident inthe above anaysis, the GE Hudson Falls source contributesthe mgority of the
PCBs to the water column on an annual basis due to its large contribution during the spring runoff
period. The Tl Pool sourceisestimated to be the primary source of PCBsto the water column for 11
months of theyear (i.e., thelow flow period) and it contributes approximately 32 percent of the annual
PCB load. The scour of Hudson River sediments downstream of the Hoosic River combined with the
Schuylerville source input account for approximately 15 percent of the annual PCB |oad to the water
column. Asdiscussed previoudly, these estimates apply to 1993. Recent remediad effortsby GE have
greatly decreased the PCB loads originating above RogersIsland. Asaresult, thetotal annual loads
to the water column have decreased but the importance of the Tl Pool load has increased. The
analysis of GE results is presented in Section 3.4.

3.3 Historical Water Column Transport of PCBs

This section discusses historical water column transport of PCBs in the Hudson River. The main
objectives of this portion of the Phase 2 investigation are to establish the trends of water column
transport after 1975 and to examine the historical data records for evidence of PCB sources to the
water column. Two approaches are used to achieve these objectives: (1) an analysis of dated
sediments collected from the Hudson River; and (2) an analysis of the USGS and Genera Electric
Upper Hudson water column sampling results. The dated cores provide a record of the suspended
matter which has been deposited through the years. The remaining portions of this section describethe
techniques used and interpretation performed. Subsection 3.3.1 describes the process used to
establish sediment core chronologiesin order to assign time periods to depositional occurrences. In
Subsections 3.3.2 and 3.3.3 the results of the Phase 2 sediment core dataare discussed. Subsection
3.3.2 focuseson the surficia sediment deposited after 1990 and 3.3.3 deal s with sediment deposited
after the peak PCB transport events of the early 1970s. Subsection 3.3.4 discusses the water column
data collected by General Electric covering the period 1991 to 1996. Subsection 3.3.5 presents an
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estimation of yearly average PCB |oads based on USGS monitoring datafor the period 1975 to 1994.
Subsection 3.3.6 discusses the conclusions of the historical water column PCB transport.

Conceptual Modd of Sediment Deposition and Coring

Before beginning adiscussion of the analysis of the high resolution sediment coreresults, itis
useful to outline the basic concepts on which core collection and analysis are based. Specificaly, a
conceptual model of the accumulation of sediment at alocation underliesthe interpretations described

later in this section. This model is defined by the following assumptions:

1. Sediment accumulation at a given location occurs continuously over time with the greatest
sediment accumulation occuring during the highest sediment transport events. Thus the
sediments preferentially Clsamplel] the higher flow periods since they are generaly
associated with the highest sediment transport.

2. Under ideal conditions, sediment accumulation is assumed to be relatively constant on an
annual basis although varying seasonally with flow.

3. Biological stirring of the sediments occurs only minimally, avoiding the mixing of more than
one or two years of deposition.

4. The effects of human activities on sediment accumulation are minimal or can be documented
(e.g., aknown dredging event).

5. Sedimentswhich accumulate at agiven location reflect the water column conditions at thetime
of deposition at that location, i.e., the sediments are effectively a sampling of the water column
suspended matter.

6. At locations with datable cores, little resuspension occurs subsequent to sediment deposition.

7. The factors governing water column transport as described in Sect 3.2.4 should also be
reflected in the sediments (e.g., concentrationsin the sediment downstream of amajor source
decrease in proportion to the tributary input between the source location and the sediment

location in the absence of other sources and sinks).

On this basis adated sediment core can be considered arecord of the historical water column

conditions at the collection site. The techniques used to verify these conditionsin acoreaswell asthe
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success of the Phase 2 program in collecting appropriate cores are discussed in Sections 3.3.1 and
332

3.3.1 Establishing Sediment Core Chronologies

Twenty eight high-resolution sediment cores were collected as part of the Phase 2 sampling
program. High resolution sediment coring locations are shown on Plate 1-3. Chronologies were
successfully determined for 14 of these cores utilizing an established dating methodology which
involves the use of radionuclides as time indicators (Bopp et al., 1982; and Olsen, 1979). The
locations of the 14 dated cores are shown in Plate 3-2.

Radionuclide Dating Principles

Radionuclides serve either as event-markers or as clocksin establishing core chronologies. In
order to understand how radionuclides serve these purposes, it is first necessary to define

radionuclides, their properties and their origins.

A radionuclide exhibits the same chemical properties as the standard form of an element.
However, the nucleus of the radionuclideis unstable and will eventually decay to amore stable state,
releasing radiation inthe process. Theform of the radiation and itsenergy level are uniqueto thetype
of radionuclide. By measuring the various|evels of radioactivity released by asample, it ispossible
to detect the presence of many different radionuclides. Because of the magnitude of the energy
released, it is often possible to detect the presence of aradionuclide at extremely low concentrations.
For example, the detection limit for cesium-137 (*'Cs) is one part in 10 by weight, which is 60
picocuries/kg (pCi/kg). Radionuclide decay isnot instantaneous, but occursgradually over timeinan
exponentia fashion. Thisproperty ischaracterized intermsof ahaf-life (ty,) whichisdefined asthe
time for a radionuclide concentration to decay to half of its original concentration. In generd, itis
difficult to detect environmental levels of aradionuclide after about five half-lives have passed (i.e.,

when only about 3 percent of the initial concentration remains).

Radionuclides are produced by many different processes. Some are generated naturaly,

such as beryllium-7 (‘Be) and carbon-14 (**C) which are produced by solar radiation in the upper

3-90 TAM S/Cadmus/Gradient



atmosphere. Some radionuclides are man-made, such as plutonium-239 (*°Pu), **'Cs, and cobalt-60
(®*Co) which may be produced during detonation of a nuclear weapon or the generation of nuclear
power. Several natural and anthropogenic radionuclides, which tend to bind to fine-grained
sediments, are present in the Hudson River environment. These radionuclides can be useful tracersfor
fine-grained sediment transport and accumul ation patternsin the sediments (Olsen, 1979; and Olsen et
al., 1980). PCBs have aso been shown to bind to fine-grained sediments (Bopp et al., 1982; and
Bopp, 1979). Thus, known radionuclide releases can be used to date the time of sediment deposition
in the Hudson River, and thereby provide a means of examining the history of water-borne PCB

transport.

Theterm high-resolution sediment coring refersto the method by which sediment coreswere
collected and separated. A sediment core was collected from the bottom of theriver, preferably from
arelatively undisturbed region of fine-grained sediments. The sediment from the core was carefully
extruded from the end of the coring tube, and diced at two- to four-centimeter intervals. Each slice
was then subsampled for PCB congener analysis and radionuclide analysis, anong other parameters.
These intervals, which generally represent afew years of deposition, reflect the characteristics of
suspended matter in theriver at thetimethat they were deposited. Typical deposition ratesof 0.5to0 2
centimeters per year (cm/yr) permit the analysis of one to four years of sediment accumulation per

dice. Thistechnique produces a highly resolved sediment deposition chronology.

Table 1-3 lists each Phase 2 high-resolution sediment core with its corresponding river mile
and approximate location, e.g., Core 19 was collected at RM 188.6 near the TI Dam. The core
collection locations were chosen based on historical coring research at the Lamont-Doherty Earth
Observatory (LDEO, formerly LDGO) (Bopp, 1979; Bopp et al., 1982; Bopp et al., 1985; Bopp and
Simpson, 1989) and on the need to characterize water-borne transport in specific areas. Core sites
were chosen based on the appearance of a quiescent area of the river, presumably with arelatively
consistent sedimentation environment. The average sedimentation rate of each datable core was
estimated using known radionuclide deposition histories of **Cs and "‘Beand, in the brackish region of

the estuary, known nuclear power reactor releases of *'Cs and ®Co as well.

For the dating of sediment cores in this study, radionuclides in the sediment are used in

twoways. 'Beis used as a clock in sediment while *'Csis used as an event-marker. Since 'Be,
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produced by cosmic radiation, hasafairly constant fallout rate, it acts asasediment clock. Theclock
is started at the time of sediment deposition. Because ‘Be exhibitsahalf-life of 53.3 days, it will be
detectable for six months to a year after deposition. Thus, sediment containing ‘Be, typicaly two to
four centimetersin depth, must have been deposited within thelast year or mixed with other sediment
deposited in the last year. For the purposes of this study, ‘Beis considered to be present when the
detected level exceeds zero by more than two standard deviations. Because of itslimited presencein
deeper sediments, ‘Be concentrations were not determined for samples deeper than eight centimeters.

In 75 percent of the cores, ‘Be analysis stopped at six centimeters or less.

Most of the historical release of **'Csto the environment has been the result of atmospheric
weaponstesting. The historical input of ***Csto the New Y ork area has been summarized by Bopp et
al. (1982). Thethreemain *'Cseventsare: (1) the appearance of **'Cs in 1954 asa consequence of
the onset of atmospheric atomic weapons testing; (2) a**'Csrelease maximum in 1963 corresponding
to an extensive amount of atmospheric weapons testing just prior to the implementation of the
atmospheric test ban treaty; and (3) a major release of **'Cs directly to the Lower Hudson by the
Indian Point nuclear power facility in 1971. Unless otherwise noted, the **’Cs maximum is taken to
have occurred in 1963, representing the height of the nuclear weapons testing and subsequent
atmospheric fallout (Olsen, 1979). Since essentially no environmental levels of **'Csexisted prior to
1954, fine-grained sediment lacking **’Cs was deposited pre-1954. Thus the deepest **'Cs-bearing
layer in a sediment core can be ascribed to about 1954 as long as deeper sediments are shown to be

free of *’Cs and the dredging history of the areais known.

For the areas of the Hudson above the salt front, at approximately RM 60, the 1954 and 1963
B’Cseventsare used for dating purposes. For the areabelow the salt front, the releasein 1971 from
the Indian Point nuclear power facility located at approximately RM 43, created asecond maximum in
the sediment record. The **Cs peak in 1971 can be distinguished from the 1963 **'Cs peak by the
presence of ®Co since ®Co was released along with the *’Csin 1971 by the Indian Point facility but
was not produced by the 1963 weapons testing.

The presence of ©Co in any sediment layer is taken to represent post-1968 deposition, since
thiswas the year that the Indian Point nuclear power facility began operation (Olsen, 1979; Bopp et

al., 1982). Unlike *'Cs, ®Co is produced exclusively during nuclear power reactor operations
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(Olsen, 1979). Thereisno documented incidence of pre-1968 rel eases of ©Co to the Hudson River.
Since the half-life of ®Co is about five years, and most of the ®Co was released in the early 1970s,
more than four half-lives have passed between the ®Co rel ease and the Phase 2 high-resolution coring
samplecollection. Thisisreflected inthe cobalt profiles weak maximain deeper core sections. For

comparison, the half-life of *'Csis 30.17 years.

Measurement results of **'Cs, ®Co, and "Be in severa cores are presented as pCi/kg of
sediment vs. depth in centimetersin the figures. Figure 3-50 shows the coincidence of the *Co and
37Cs peaks during the 1971 event at 30 cm in Core 6 collected at RM 43.2. Theerror bars represent
the counting uncertainty, i.e., two standard deviations (or 2 6), for *’Csand ®Co. A detection of Be
at a concentration greater than two standard deviations above zero is also shown in this figure.
Profilesfor Cores 11 and 19 are shownin Figure3-51. The®*Csprofilein Core 11, collected at RM
143.5inthe Albany Turning Basin, depicts the absence of a**Csmaximum (or peak) down to 100 cm
in depth. Core 19 (RM 188.6) has a smooth *'Cs profile. These two very distinct profiles can be
used to establish core chronologies. The 1963 event isclear in Core 19 asisthe 1954 onset of **'Cs
usage. The absence of a **'Cs peak in the Albany core due to a known dredging event provides
information about this location. The chronology of Core 11 is discussed in more detail later inthis
section.

Core Suitability for Dating

TAMS/Gradient devel oped severad criteriato select suitable coresfor dating purposes. These
criteriaare listed below. If a core met these criteria, then the approximate year of deposition was
estimated for the appropriate depths based on the various time horizons recorded in the core. In some
cases, unique information, e.g., aknown dredging event, allowed dating. Altogether, 14 coresout of
the 28 collected were found, for purposes of thisinvestigation, acceptablefor dating. Therationale
used in developing the criteriais described below:
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Core Sdection Criteriafor Dating

1. A minimum vaue of the *'Cs peak concentration as follows:

Section Endpoints Minimum *'Cs - Peak
River Section (River Miles) Concentration (pCi/kg)
Freshwater 202 t0 153.1 1000
Freshwater Tidal 15310 60.1 900
Indian Point Power Facility
Proximity 60to 30 1000
Upper New York Bay 299t0-2.0 500
Tributaries NA 500

2. A clear ®'Cspesk relating to the 1963 or 1971 event, or aclear and defined time horizon,
e.g., adredge boundary which occurred in a documented year.

3. For main-stem cores, the **'Cs peak associated with 1963 being clearly deeper than the
PCB maximum which has been ascribed to the early 1970s (Bopp et al., 1982); this
indicates a significant deposition rate and low bioturbation.

4. A minimum sedimentation rate of 0.75 cm/yr based on the 1963 or 1971 **'Cs peak.
Presence of ‘Bein the surface layer.

6. The sedimentation rates being consistent to within " 50 percent when multiple *'Cstime

horizons are available.

Asnoted previously, the objective of the sediment dating program isto examine water-borne
PCB transport as recorded in the sediments of the river. The sediments of the river record this
transport when they are derived from the suspended matter carried by the river. The sediments
suitable for dating must be fine-grained since the radionuclides (used in this study), aswell as PCBs
have a greater affinity for these materials than for coarse-grained sediments such as sand and gravel.
Fine-grained sediments are also carried and deposited on amore continuous basis, thusincreasing the

potential for a continuous, steady record of the river's suspended-matter conditions.

In light of the above, enough **'Cs must be present in core sedimentsfor a core chronology to
be established (Criterion No.1). In general, the higher the **'Cs levels, the greater the fine-grained

3-94 TAM S/Cadmus/Gradient



sediment content and the higher the sediment deposition rate. The minimum concentrations of theCs
maxima listed by river section are intended to select cores with sufficient fine-grained sediment
content. Although core **Cs levels decrease gradually in the downstream direction above the salt
front, below the front, the Indian Point nuclear power facility has released additional **'Csinto the
Hudson. Thustheminimum **'Cs criterionisincreased below RM 60. In addition to the presence of
BCs, a clear *¥'Cs peak, defining 1963 or 1971, is imperative for using **'Cs as an event-marker
(Criterion No. 2). If there is no clear maximum, there is no point upon which to determine the
sedimentation rate.

The PCB concentrationsin the core sliceswere reviewed in conjunction with theradionuclide
profiles. Historical analysesof cores collected throughout the Hudson have allowed ascription of the
sediment PCB maximum to the early 1970s (Bopp et al., 1982). Based on these results from the
literature, athird criterion was defined for cores containing the 1963 *'Csmaximum. Criterion No. 3
requires that the PCB and **'Cs maxima occur in separate layers, with the PCB maximum at the
shallower depth. Cores not meeting this criterion have probably had significant bioturbation or
irregular deposition histories. Having a consistent sedimentation rate throughout the history of a

coring Siteisrequisite for reliable dating and interpretation.

Particulate matter tagged with radionuclides accumulate in quiescent zones of the Hudson

River at ratesfrom 0.5 to greater than 5 cm/yr, depending upon location. In general, the rates do not
appear to fluctuate widely but remain within aone-centimeter range, i.e., " 1 cm/yr at agiven location.
If the sedimentation rate istoo low the resolution of the layerswill be poor and year assignment to a
particular depth would be difficult. A minimum deposition rate of 0.75 cm/yr was defined as
Criterion No. 4. The 1954 *¥Cs appearance provides an event for confirming the sedimentation rate
obtained from the *¥Cs maximum. Agreement between two or more dating horizons is defined in

Criterion No. 6.

The presence of ‘Bein the surface layer, Criterion No. 5, confirms the presence of sediment
which has been deposited within a year from the time of collection. Inacorelacking ‘Be, the age of
the surficial sediments cannot be determined with accuracy. Thelocation may have been disturbed by
scour processes or it may smply represent a currently non-depositional environment. For example,

Core 26 from RM 194.1, collected near the eastern shoreline, is lacking "Bein the surficial layer.
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Field observations during low-flow conditions during the summer of 1993 indicated that this core
location was exposed to air. Although the sediment core was collected the previous fal when the
location was submerged, it is likely that similar exposure had also occurred in previous summers
under similar low flow conditions. Recurrence of thistype of event would probably significantly alter
the core chronology since no sediments would accumulate during this period and surface erosion

during rain events would be likely. Asaresult, this core was not used in the dating analysis.

For acoreto be considered datable by the standard radionuclide method, CriteriaNos. 1, 2,4
and 5 had to be met. If the 1963 **"Cs maximum was used to date the core, then Criterion No. 3 had to
be met aswell. In addition, if the 1954 horizon was present, then Criterion No. 6 had to be met as

well. Table 3-17 summarizes compliance with the criteriafor dating the cores.

Factors Influencing Sediment Core Chronologies

Sediments in the Hudson are influenced by a number of factors including suspended-matter
deposition, sediment scour, biological activity, anthropogenic activities and in situ geochemical
processes. The ability to obtain a core with a datable chronology from agiven location requires that
al but the first factor have had minimal effect on the sediments there. The criteria discussed
previously were designed so as to select cores from locations where these other factors were
unimportant. The potential impacts of these factors in establishing sediment core chronologies are
discussed below.

Variationsinriver flow can result in changesin the sediment deposition rate aswell asmixing
of surficial sediments. Inyears of higher river flow, suspended-matter |oads are likely to be higher
and depositionislikely to be greater. Thisvariability limitsthe core resolution to two to four years.
Themixing of surficial sedimentsby higher flowsislargely avoided at the high-resolution coring Sites
since these are specifically selected for their quiescent conditions. A smooth **'Csprofilein the core
servesto confirm this selection since significant reworking or sediment removal would (likely) have
destroyed the integrity of the **'Cs record.

Benthic invertebrates living in the surface sediment can cause mixing asthey movevertically

or horizontally through the sediment. This phenomenon is referred to asbioturbation. Thisactivity
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would serve to smooth sediment core profiles so asto largely remove the PCB and **'Csmaxima, thus
making the core undatable. The mgority of benthic invertebrate activity isgenerally limited to about

five centimeters below the sediment-water interface.

Olsenet al. (1981) statesthat vertical mixing dueto bioturbation in areas of high depositional
rate, i.e., greater than 3 cm/yr, has aminor impact on the core chronology. Greater sediment mixing
occursin sediments underlying more saline water (5 to 30 parts per thousand [ppt]) and lower mixing
occursinlesssaineareasof 0to 5 ppt salinity. The more extensive mixing isgeneraly attributed to
the higher levels of biological activity inthemore salineregions. Most of the Phase 2 sediment cores
were collected in freshwater areas. Eight of the 11 dated main-stem Hudson River cores are from
locations above the salt front at about RM 60. Sediment mixing may also result from gas bubble
formation. As gas bubbles, resulting from biochemical processes in the sediment, naturally rise
through the sediments, some mixing may result. However, on the basis of Olsen'sresearch, mixing due
to these phenomenaislikely to have aminor impact on whether cores meet the dating criteriaand thus

will not interfere with establishing core chronologies.

Anthropogenic disturbances such as dredging may disturb an area sufficiently that a core
collected from thislocation may not be datable. However, if enough sedimentation has occurred since
the dredging event, the dredge horizon itself becomes adating event. For example, Core 6 (RM 43.2)
was collected from Lents Cove which was dredged in the late 1960s. The effects of the dredging can

be seen very clearly in the sediments underlying the 1971 **'Cs maxi mum (see Figure 3-50).

In situ geochemical processes have the potential to change or destroy sediment core
chronologies. Porewater processes may permit the migration of **’Cs, ‘Be and PCBs within the
sediments. However, Olsen et al. (1979, 1981) examined this concern for **'Cs and found no
evidencefor thisin Hudson River sediments. Presumably, thiswas prevented by the high sediment-to-
water partition coefficient for **’Cs. Similarly, both PCBs and ‘Be have high partition coefficientsand
it is expected that porewater migration would have little effect on core chronologies. (Given the
presence of fine-grained particlesin these corelocationswhich limit porewater movement, significant
porewater transport isnot anticipated in these areas. These coring sites are not typical of the general
sediment type found in the Hudson River; they are more consistently fine-grained and therefore

represent only asmall portion of the Hudson River sediments.) However, in situ processeshave been
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shown to alter the congener mixture within Hudson River sediments (Bopp et al., 1985; J. Brown et
al., 1987; J. Brown et al., 1984). This effect isdiscussed later in this report.

These factors (sediment deposition, sediment scour, biological activity, anthropogenic
activities, and in situ geochemical processes) can affect the certainty of the assigned dates of
deposition. Inaddition, the uncertainty of the assigned datesisnot constant over the length of the core,
but rather isafunction of the distance from "known" time points, e.g., thetop layer is1992. Thus, the

deposition rates presented in this report should be considered long-term averages.

For the cores selected for dating, the sedimentation rates determined by **Cs and ‘Be are
consistent with each other and do not vary more than " 50 percent at a given location. In addition,
despite the uncertainties associated with this dating methodology, the relationships of PCBs
concentration and patterns among contaminant bearing layers are consistent both within individual
cores and among the dated Hudson River cores downstream of the GE facilities. Also, profiles
generated from 1992 sediment cores are similar for comparable time periods to those of cores
collected in 1984 from approximately the same locations by LDEO. An exampleof thisisshownin
Figure 3-52 for 1984 and 1992 cores collected at RM 188.5. The 1992 core (i.e., Core 19) showsa
lower deposition rate which caused the **'Cs peak to appear at a shallower depth. Also, the 1992
core probably contained lessfine-grained materia which would explain the lower ***Csconcentration.
Nevertheless, these two cores possess the same features, i.e., adistinct *'Cs appearance, asharp and

clear peak, and a steady decline following the maximum in the more recent sediment.

Core Chronologies

Based on the core selection criteria described previously, 14 cores were dated in order to
calculate average deposition rates. Eight cores, consisting of Core 10 (RM 88.5), Core 12 (M ohawk
River), Core 17 (Batten Kill), and Core 18 (RM 185.8), Core 19 (RM 188.5), Core 21 (RM 177.8),
Core 23 (RM 189.3), and Core 27 (RM 202.9) were dated based on the 1963 *'Cs maximum. Three
cores, Core 6 (RM 43.2), Core 7 (RM 43.2), and Core 2 (RM -1.9), were dated using the 1971 **'Cs
peak. Three cores, Core 11 (RM 143.5), Core 22 (RM 177.8), and Core 24 (Hoosic River) were
dated on unique information as discussed below. While the three tributary cores, i.e., Core 12
(Mohawk River), Core 17 (Batten Kill), and Core 24 (Hoosic River) and the background station, Core
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27 (RM 202.9) do not meet all of the selection criteria, core chronologieswere estimated in order to
provide some information on sediment deposited within the last ten years. Note that the core numbers

were assigned by the order in which they were collected and are not in river mile sequence.

Core 11 at RM 143.5 in the Albany Turning Basin was found to contain no **’Cs maximum as
shown in Figure 3-51. However, aminimum sedimentation rate for the core was cal cul ated based on
the absence of a predominant peak for PCBs down to 104 centimetersin depth and knowledge of the
history of dredging in the area. Since this area had been dredged extensively circa 1971, the 1963
37Cs maximum would not be present in acore collected from thislocation. A core collected from this
locationin 1977 by LDEO showed avery high sedimentation rate, using the PCB maximum for dating.

Based on the LDEO results, the twenty years of deposition since the dredging event should have
accumulated at least 100 centimeters of sediment. The deepest layer of the Phase 2 corewasfound to
contain more than 17 mg/kg of PCBs, the highest value found in the Lower Hudson cores. Thisvaue
represents a sharp increase relative to the concentration in the 100 cm of sediment aboveit and was
assumed to represent the latter portion of the early 1970s PCB maximum. Based on the history of
dredging inthe area, the results obtained by LDEO in 1977 at thissite, and the sharp risein PCB level
in the deepest layer, the bottom layer of this core was assigned to 1973, yielding a minimum
deposition rate of 5 cm/yr.

The surface layer of this core, with a depth of two centimeters, was found to contain 'Be.
Because the second and third layers, i.e., a 2 to 4 cm, and 4 to 6 cm, respectively, were analyzed
several monthslater, the opportunity to confirm the high sedimentation rate based on the ‘Be datawas
lost. Nonetheless, it isestimated that the 5 cm/yr deposition rate obtained for this coreis sufficiently

accurate for the purposes of this program.

Core 22, collected at RM 177.8, does not meet the criteria described previoudly but was dated
by matching the **'Cs and PCB patterns with depth against those of Core 21, its duplicate.
Specifically, Core 22 appears to have a 50 percent higher deposition rate than Core 21. This
differencein sedimentation rate may be attributed to the fact that Core 22 was collected more than 100
feet closer to the shoreline than Core 21 since sedimentation rates are specific to particular locations
and their conditions. Although both coresare of comparablelength, Core 22 does not penetrate to the

1963 *¥'Cs maximum.
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The chronologies for the duplicate pair of Cores 6 and 7 at RM 43.2 are based on the 1971
B'Cs event also using ®Co to confirm the **'Cs maximum as derived from the 1971 Indian Point
release. Sincethislocation wasdredged in the early 1970s (Bopp, 1993 pers. comm.), the presence
of a second, deeper **'Cs maximum was not expected. Although Core 6 did not contain ‘Be, its
duplicate, Core 7, aswell as cores previously collected at thislocation, did contain ‘Be. Therefore,

these cores, as apair, satisfy the necessary criteria.

Core 2, collected at RM -1.9, was dated on the basis of the 1971 *Cs event. Thiswas
confirmed by the parallel ®Co profilein this core also observed in Core 6 collected from alocation

adjacent to the Indian Point nuclear power facility.

As can be seen, the number of coreswhich meet all the criteriaarelimited. Thisstemsfroma
number of conditions. In general, the program was more successful in re-occupying historical coring
sitesthan in establishing new ones. Thisisadirect result of the difficulty in finding suitable sites. In
some cases, particularly inthe Harbor area, it appeared that a suitable site had been found but the core
recovery was too short relative to the high deposition rate at that location. Other cores lacked ‘Be-
bearing sediments or exhibited significant bioturbation. However, in severa cases it was still
possible to overcome some of these shortcomings and establish the core chronology on the basis of

unigue information.

Asprevioudly noted, the threetributary cores, i.e., Core 12 (Mohawk River), Core 17 (Batten

Kill), and Core 24 (Hoosic River), as well as the background station, Core 27 at RM 202.9, do not
meet al the criteriabut still provide someinformation on sediment deposited within thelast ten years.
Criterion No. 3, regarding the separation of the **Cs and PCB maxima, is not applicable to the
tributaries since there are no documented major rel eases of PCBs associated with thetributaries. The
Mohawk River core meets the remaining criteria. The Batten Kill core meets al the remaining
criteria, with the exception of containing ‘Bein its surface layer. However, the archived (A) core
collected from the site at the same time contained ‘Bein the top slice. This slice was analyzed for
PCBs and was shown to match the top dlice in Core 17. Thus Core 17 was able to satisfy all
applicable criteria and was dated. Core 24 from the Hoosic River only satisfied the "Be criterion
athough all core layers contain **'Csindicating post-1954 deposition. On thisbasis, ‘Bewas used to
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establish an upper bound on the deposition rate so that the core chronology could be estimated. The
core collected at RM 202.9 provides information regarding historical background levels of PCBsin
suspended matter. The sedimentation rate of this core was determined based on the *'Cs pesk at a
depth of 34 centimeters. Thelow levelsof *'Cssuggest somebioturbation at thissite. However, itis

still useful for establishing background conditions.

Figures 3-53 through 3-55 show the ™' Csand PCB profilesfor the dated cores. Notethat the
x-axis scales for *'Cs and PCB concentrations are adjusted for each core to match the core depth.
These plots show the profiles and relative positions of the *'Csand PCB maxima. Table3-18 lists
the calculated sedimentation rates for the dated sediment cores as well as the primary radionuclide

event used to date each core.

Approximate core chronologies were established for the cores which satisfied the core
collection criteria. The coring and dlicing methodology used as part of the Phase 2 sampling program
provided greater resolution near the surface and less resolution at depth. In general, the first eight
centimeters were sliced in 2-cm intervals; the remainder of the core was sliced in 4-cm intervals.
Thus more resolution was obtained for the most recent sediments, which are of greatest interest to the
program since these sediments indicate the latest trends of water column transport of PCBs. A
sedimentation rate was assigned to each core meeting the core selection criteriaby assigning ayear to
at least one well-defined event or horizon identified in the core. The sedimentation rate was
calculated by taking the depth of center of the layer (dice) containing the event and dividing by the
time interval, where the time interval is the year assigned to the event (either 1963 or 1971 when
based on *¥Cs) subtracted from the time of collection, i.e., 1992, yielding arate in centimeters per

year.

For core chronologies based on a’Be presence, the age of the ‘Be-bearing layer was assumed
to be one year. For example, the center of a2-cm slice was assigned as 1991 since al cores were

collected in 1992. Thiswould yield a deposition rate of 1 cm/yr.

While asingle ¥'Cs event permits the estimation of the average deposition rate, it isunlikely
that the sedimentation rate was constant over the entire depositional period. Seasonal variationsin

deposition rate as well as annual variations are likely, although, given the intended temporal
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resolution of two to four years, these effects should be minor. However, some degree of uncertainty is

associated with all assigned dates of deposition.

In summary, 14 high-resolution sediment cores including those from three tributaries and a
background corewere successfully dated. These chronologies confirm historical work performed by
LDEO on dated Hudson River sediment cores. 'Be was observed in sediment of 12 of the 14
locations, thus confirming the presence of post-1991 deposition. The water column PCB transport

suggested by these core chronologies is discussed in the following two sections.

3.3.2 Surface Sediment Characterization

A basic tenet in the use of dated sediment cores asindicators of long-term, i.e., historicd, PCB
input, transport, and degradation in the Hudson River is that the PCB content of the sediment is
representative of the water column PCB loading. A comparison of the PCB content of recently
deposited surficial sediment, within both the Upper and Lower River, with that of the spatialy
corresponding suspended matter verifies this assumption. That is, the PCB content of the surficia
sediment is consistent, both in congener distribution and concentration, with the PCB content of the
suspended-matter samples, collected as part of the Phase 2 water column transect sampling program.
Only coretops bearing beryllium, which isindicative of recent deposition as discussed in Subsection
3.3.1, areincludedinthisanalysis. Inaddition, only coretopswith total PCB concentrationslessthan
30,000 ng/kg (30 ppm) are compared to the suspended-matter samples on a congener basis. The
rationale for this latter criterion is that, as discussed later (Section 4.3), cores with total PCB
concentrations greater than 30 ppm tend to exhibit evidence of dechlorination. As a result, the
congener patterns associated with these cores are altered and, as such, are no longer representative of

the congener patterns of the originally deposited suspended matter.

Asisevident in the comparison of surficial sediment inthe Upper and Lower River coreswith
the corresponding suspended-matter samples collected during the Transect 4 high-flow event (see
Figure 3-56), both exhibit very consistent congener distributions. In addition, asillustrated in Figure
3-57, the congener distributions associated with the T1 Pool suspended-matter samples, collected
during the Phase 2 winter and summer, low-flow sampling efforts, compare well with that of the Tl

Pool Core 23 coretop. Similarly, the congener distributions associated with the suspended- matter
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samples collected at the Albany Turning Basin during the Phase 2 winter and summer, low-flow

sampling efforts, compare well with that of the Albany Turning Basin core top (see Figure 3-58).

In addition to the similarity between congener patterns, the suspended- matter samplesand the
corresponding core tops aso exhibit comparable total PCB concentrations (see Table 3-19). This
congruence, both in congener pattern and total PCB concentration, indicatesthat the PCB content inthe
overlying water column, as characterized by the PCB content of the suspended-matter samples, is

represented by the corresponding core tops.

However, it is important to note that while the congener patterns of the suspended-matter
samples, collected during the winter and summer low-flow events, are consistent with those of the
corresponding core tops, the core tops are best represented by the Transect 4, high-flow suspended-
matter samples. Thisisan expected result sinceit isassumed that the sediment acts as an integrator of
the suspended-matter loading. The spring-flood event, which is generally less than a month in
duration, introduces approximately one-third of the yearly PCB load to the water column. The
remaining two-thirds of the yearly PCB load isintroduced throughout the remaining 11 months of the
year. Therefore, the coretops should be best represented by the high-flow suspended-matter samples
since these samples represent thelargest pulseinput of PCBsto thewater column. However, the core
tops should, and do, exhibit consistency with the PCB loading introduced to the water column during

the remaining months of the year.

The comparability of te surficial sediment PCB inventory with that of the corresponding
suspended-matter samples hasimportant implications since it providesindependent verification of the
use of the high-resol ution sediment coring data as arecord of thelong-term, i.e., historical, PCB input
and transport in the Hudson River. Specifically, because the suspended matter is in effective
equilibrium with the water column dissolved phase (see Section 3.1), variation in the historical, water
column PCB inventory should be directly represented by a commensurate variation in the sediment
PCB inventory. Further, by using appropriate partition coefficients, the sediment record can provide
information on the historical distribution of PCBs between the dissolved and suspended-métter pheses.
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In summary, an important conclusion that can be drawn from the comparison of the surficial-
sediment and suspended-matter PCB inventories is that the PCB loading, exhibited by the dated
sediment records, isrepresentative of the contemporaneous water column PCB loading. However, the
sediment cores best represent the PCB |oading associated with the high-flow, spring-flood events.
Thus, whiledaily water column monitoring provides the most accurate record of the characteristics of
the PCB loading to the water column, the analysis of dated sediment cores is an effective tool in
estimating the long-term, water column PCB loading.

3.3.3 Water Column Transport of PCBs Shown by Sediment Deposited After 1975

As discussed previoudly, the primary objective in performing the high-resolution coring
program was to obtain an independent record of water column PCB transport throughout the Hudson
River for the 1982 to 1992 time period. In order to place this period in perspective with previous
Hudson River PCB transport events, core chronol ogies were examined back to 1975. The selection of
datable cores from the Hudson (including two duplicate pairs) chosen for this analysisis based on
their well-defined chronologies. The cores used in thisanalysis arelisted in Table 3-20.

The analysis of the historical water column transport of PCBs based on these cores was
performed on two levels, i.e., for total PCBs, and on acongener-specific basis. Examining tota PCBs
provides information on the general trend of PCB transport inthelast 10 to 15 years. The congener-
specific analysisexploresthe size and type of additional inputsto the Hudson River below the TI Dam
(RM 188.5).

Examination of Water Column Transport of Total PCBs Since 1975

Thetotal PCB analysis of the high-resolution sediment coresyieldstwo major findings. First,
there was a substantial declinein PCB levels between 1975 and 1982 followed by a plateau to 1990
inal regions of the Hudson River studied. Anexample of thistrend with timeis showninFgure3-59
for Core 19, collected at RM 188.5. Second, PCB concentrations decrease steadily downstream from
the TI Dam at RM 188.5 in sediments deposited during the same time period. Thistrendisshownin
Figure 3-60 for sediment deposited after 1990, generally represented by the top slice of each core.

Parallel trends in water column transport can be inferred from these resullts.
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The implication of the first finding is that PCB loads originating above the TI Dam have
leveled off within thelast 81010 years. However, thisanalysis cannot differentiate between the load
from the T1 Pool and the loads originating above Rogers Idand, such as GE Hudson Falls facility
releases. In subsequent discussions, the loadings from the GE Hudson Falls facility source, other
loadings between Bakers Falls, Rogersidand, and the T Pool loading will bereferred to collectively
as the combined TI Damload, sincetheload at the TI Dam represents the sum of theseloadings. The
second finding indicates that the area above the Tl Dam is the primary PCB source to most of the
Hudson. Based on thelow PCB levelsin the tributary cores, the tributaries to the Upper Hudson do
not contribute substantial PCB loads. The Mohawk River coreand itsinferred loading are consstent
with the Phase 2 water column monitoring results which indicate that the Mohawk contributes on

average approximately 10 percent of the total PCB load.

Evidence of decrease and subsequent leveling off of PCB loading to the water column,
illustrated by Figure 3-59, isfound in the resultsfrom all dated Hudson River sediment cores. Figure
3-61 shows the total PCB trend with time in eight of the dated Hudson River cores, including two
duplicate pairs, representing the entire region below Fort Edward. In each core, the declinein PCB
levels between 1975 and 1982 representsthe largest single change. For theinterval 1982 to 1992 the
PCB concentration appears to level off with time, suggesting that substantial long term decline is
unlikely. Littleevidence of therelatively large 1991 to 1992 rel eases attributed by GE to the Hudson
Falsfacility isdiscernible. Thissuggeststhat thesereleasesare small in scalerelativeto conditions
ten years prior or that the time of core collection (Fall 1992) may have been too closeto the rel eases
for the impact to be observed. The mgjority of the large releases measured at RM 194.6 at Rogers
Island occurred in September 1991 and June through October 1992. Some evidencefor anincreasein

the loadings is suggested when normalizing for **’Cs as discussed below.

Evidence of adecreasein PCB loading to the water column downstream of the TI Dam, can be
seen in each of severa timeintervalsrepresenting thelast 17 years of deposition. Figure 3-62 shows
the relationship between total PCBs and river milefor the periods 1975 to 1981, 1982 to 1986, 1987
to 1990, and 1991 to 1992. In each case there is a decline in PCB concentration with distance
downstream fromthe Tl Dam at RM 188.5. From Stillwater at RM 177.8, the decrease downstreamis

generally consistent, with no apparent intermittent increases. Note that the trends shown in Figure 3-
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62 begin with the core collected at RM 188.5 (Core 19), rather than with 189.3 (Core 23) asisseenin
Figure 3-60. The first two connected data points in Figure 3-60, representing Cores 23 (RM 189.3)
and 19 (RM 188.5) respectively, were collected from the Tl Pool. However, there is a large

concentration difference between them.

Whilethisdifference may be dueto their proximity to source areas such that suspended-metter
PCB concentrations are not well homogenized at the time of deposition, incomplete mixing should
serve to either raise or lower the PCB concentrations in the sediments settling at a given location.
This process should introduce random variability in PCB concentration within the sediments whereas
the concentrations in sections of Core 23 are consistently lower than those of Core 19 for sediment
deposited after 1975. Itismorelikely that thelower PCB concentrations observed in Core 23 aredue
to its collection from the Moses Kill deltain the Tl Pool. This location would tend to collect a
mixture of Hudson River suspended matter with a disproportionately large amount of Moses Kill
suspended matter. This scenario would tend to preserve the overall PCB relationship with time as
well as the congener composition (see Subsection 3.3.2) while lowering the magnitude of the total
PCB concentration. On this basis, the PCB concentrations recorded in Core 19 at RM 188.5 are
considered more reflective of historical suspended-matter concentrationsin the Tl Pool, and are used

to represent the Pool in subsequent figures.

Much of the variability in the downstream trends can be removed by normalizing the datato
37Cs to account for differences in the amount of fine-grained material among the cores since both
PCBs and *'Cs preferentially bind to smaller sized particles (see Subsection 3.3.1). Thus,
normalizing to **’Cs removes variations in the PCB concentration which are related to the percent of
fine-grained matter in a sample. This normalization scheme assumes that the average **'Cs
concentration on tributary suspended matter is approximately the same as that originating from the
Upper Hudson. Thisassumption is supported by the**'Cs content of surface sedimentsfrom RM 177.8
near Stillwater to Upper New Y ork Bay asshown in Figure 3-63. Thisfigure showsthe*Cscontent
of the 0 to 2 cm interval of al sediment cores collected. From RM 177.8 downstream, there is no
systematic trend in the **'Cs levels, indicating that additional tributary contributions of **Cs are
similar on average to those found at RM 177.8. Above RM 177.8, there is much greater variahility,

the source of which is unclear.
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The PCB to *'Csratios asafunction of river milefor the 1975 to 1981, 1982 to 1986, 1987 to
1990, and 1991 to 1992 time periods are shown in Figure 3-64. In each period, the decrease in the
PCB/**'Csratio downstreamis clearly evident. The overall PCB to **'Csratio trend with time can be
examined by superimposing the four trends as shown in Figure 3-65. In genera, a reduction in
sediment PCB concentrations (and, by inference, PCB loadings) is evident with the rate of change
becoming smaller over time. The 1991 to 1992 results at RM 177.8 (Stillwater) and RM 143.5
(Albany) indicate a rise in the combined TlI Dam loading consistent with the GE water column
monitoring results discussed in Subsection 3.3.4. However, thisdlight changein trend may be within

the range of uncertainty of the measurement technique.

The consistent decline of PCB concentrations downstream of the TI Dam suggeststhat dilution
of theload measured at the dam by subsequent tributary input isamajor factor influencing downstream
PCB concentration. To further explore this issue, TAMSGradient prepared an estimate of the
expected suspended-matter concentrations as recorded in the sediment cores based on an assumption
of conservative PCB transport, i.e., that dilution during water column transport is the only factor
affecting suspended matter PCB concentrations. This estimate ignored any changes in concentration
dueto geochemical or biochemical processes within the water column and assumed no additional PCB
inputs besides those originating above the TI Dam. Calculated changesin the PCB to*'Csratio were
scaled based on theincreasesin the watershed drainage basin areadown to RM 43.2 at Lents Cove. It
is assumed that an increase in drainage basin area is directly proportiona to an increase in flow.
Further, it is assumed that **'Csis deposited equally everywhere such that suspended-solidsloading
from tributaries should contain comparable concentrations of **’Csasthat from the Upper River but
without a corresponding PCB load. Therefore, tributary input of suspended solids, proportional to the
flow contribution of the tributary, should serve to dilute the suspended matter PCB concentration
without an associated dilution of the suspended matter **’Cs concentration, thereby decreasingthePCB
to ®¥'Csratio in direct proportion to theflow increase. For example, adoubling of the drainage basin

areaand, as aresult, doubling of flow between coring locations would halve the PCB to **'Csratio.

Estimation of suspended-matter PCB concentration, originating from the combined TI Dam
load, upon its arrival in the Harbor is more complicated due to a number of factors. The salinity at
Lents Coveis about 1 ppt while that in the Harbor a RM -1.9 is approximately 15 ppt. Below the
Verrazano Narrows, the salinity increasesto approximately 30 ppt (Garvey, 1990). Therefore, based
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on salinity alone, the water in the Harbor would be expected to represent a 50:50 mixture of Lents
Cove water and seawater. Sewage effluent and local tributaries entering the Harbor would introduce
an additional 20 percent dilution by volume (Garvey, 1990), assuming it was PCB-free. The sewage
effluent contains an organic-rich, high suspended-matter load which should dilute the suspended-
matter PCB concentration even further. However, dilution is not the only factor affecting the
suspended-matter PCB to *'Csrratio in the Harbor as is discussed below.

The partition coefficient for **'Csin seawater islower than that for freshwater, thus someloss
of *¥Csfrom suspended matter may occur in the salineregion of theriver. Thiswould be reflected as
an increase in the PCB to **'Csratio. |t should be noted that Harbor **'Cs |levels are comparable to
those in the freshwater region of the Hudson as shown on Figure 3-63. In addition, salinity affects
PCB suspended matter-water partitioning as well. In particular, the mixing of saline water with
Hudson River fresh water causes the precipitation of dissolved organic carbon, presumably reducing
the PCB loads carried by this fraction and affecting the PCB distribution in the water column (see
Section 3.1). In addition, the presence of salt raises the PCB suspended matter-water partition
coefficient, which would serve to increase the PCB to *'Csratio. Thus, whiledilution by seawater
and sewage would be expected to decrease the PCB to **'Cs ratio, the change in geochemical
parameters (e.g., partition coefficients) would serveto increasethisratio. PCB additions by sewage
would be expected to increase thisratio aswell. A reliable estimate of these effectsis not possible
given the current level of understanding of PCB geochemistry and, therefore, no predicted value was
calculated for RM -1.9. Itisnoted that the PCB to**'Csratiosat RM -1.9 generally agreewithin " 25
percent of those at RM 43.2 in spite of all these considerations.

Using the PCB to **Csrratio measured in Core 19 at RM 188.5 near the TI Dam astheinitial
input, TAM S/Gradient cal culated the expected downstream concentrationsfor each timeintervd. The
caculated PCB to **'Cs ratios are shown in Figure 366 together with the measured values for
sediment deposited after 1990. The PCB to **'Csratios of thetributaries areindicated on the diagram.
The difference between the cal culated and measured ratiosfor RM 177.8 near Stillwater appearstoo
large to be explained by dilution of the combined TI Dam load aone. The difference between the
calculated and measured values near Stillwater (RM 177.8) is even greater for earlier periods as
shown in Figure 3-67. The apparent PCB loss from the water column, as suggested by the decreased

PCB to **'Csratios near Stillwater, may berelated to anumber of factors such asincomplete mixing of
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PCBsinthewater column dueto proximity to the sources, bedload movement stopped by the TI Dam,
and PCB deposition by particle settling between the coring locations. Asshownin Figure3-63, ¥'Cs
levelsare highly variable above RM 177.8 which may berelated to thisissue. Based on thisfinding,
the conservative transport calculation was revised to begin at RM 177.8 near Stillwater and is also
shown in Figures 3-66 and 3-67.

The calculated conservative transport results, beginning with the Stillwater measurementsfor
the four time intervals from 1975 through 1992, are shown in Figure 3-68. Asshownin Figure 3-68,
from Stillwater downstream, the conservative transport model approximates the suspended-matter
PCB concentrations recorded in the cores quite well, to within " 25 percent of the measured value for
the freshwater region of the river. Based on the success of this simple conservative transport
calculation, it appearsthat the combined TI Dam load representsthe single, largest source of PCBsto
the entire freshwater Hudson constituting about 75 percent of the load asfar south as River 88.5, 100

miles downstream.

The smooth and consistent trend of PCB concentrations with time within each core and with
river mile among cores downstream of the TI Dam suggeststhat the river PCB conditionsare governed
by alimited number of sources and processes and that the processes are approaching a steady-state
balance. Thegenera declining trend with time followed by a concentration plateau impliesthat there
has been asignificant declinein PCB inputsto theriver sincetheearly 1970s, and specifically that the
eventsof 1991 to 1992 are small in scale relative to those of the early 1970s. Intheinterim, smaller
but steady PCB loads generated above the TI Dam have maintained PCB levels in the Hudson.
Assuming that the river conditions are approaching a steady state, historical data can be readily

extrapolated to future conditions.

In summary, the results presented above suggest the following interpretation of PCB transport
inthe Hudson. Scouring of the Tl Pool sedimentsfrom 1975 through the early 1980s dominated PCB
water column transport. Thisobservation isalso supported by the USGS data presented in Subsection
3.3.5. Subsequently, the water column transport became less dynamically driven (less scour) andless
variabletemporally, presumably driven by sediment-water exchangewith the T1 Pool sedimentsand
releases originating above Rogers Island such as those from the GE Hudson Falls facility. Thisis

supported by both the Phase 2 water column masstransport data and the USGS data. (see Section 3.2
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and Subsection 3.3.5, respectively). The conservative transport calculations suggest that from RM
177.8 at Stillwater to at least RM 43.2 at Lents Cove, the combined TI Dam load is the main
controlling factor in water column PCB transport and downstream water column concentrations.
Additional sources appear to be minor and PCBs generated above the TI Dam are transported
downstream relatively conservatively. This suggests that ultimately much of this PCB load is
transported directly out to the New Y ork Bight.
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Examination of Post-1975 Water Column Transport on a Congener-Specific Basis

Using the dated sediment cores discussed in the previous sections, it is also possible to
examinethe historical water column PCB transport on a congener-specific basis. The dated sediments
record not only a measure of the water column total PCB level, but also the mixture of congeners
which comprised the water column inventory at the time of deposition. The examination of the
congener mixturesin asediment core can provide useful information on the type and scale of Aroclor

releases over time.

This section examines historical water column transport throughout the Upper and Lower
Hudson with an emphasis on identifying the combined TI Dam load. In particular, this section shows
that it is possible to identify thisload throughout the entire Hudson over the period from 1975 to the
present. On the basis of this identification, the fraction of the PCB load derived from the Upper
Hudson above the T1 Dam is estimated at each location studied. These estimates indicate that the
combined TI Dam loadings comprise at least 75 percent to 85 percent of the load at RM 143.5 near
Albany and possibly half of theload at RM -1.9inthe Upper New Y ork Bay during the period 1982 to
1992.

In the examination performed for the Phase 2 investigation, the congener mixture characteristic
of the combined TI Dam load is the obvious main focus. To this end, historical PCB loads were
examined as recorded in Upper Hudson sediment cores in order to uniquely identify or "fingerprint”
this combined source. Asdiscussed in Section 4.3, much of the PCB-bearing sediment in the Upper
Hudson exhibits substantial dechlorination. In these sediments, the "fingerprint” is largely lost.
However, itisstill possibleto examinetotal PCB transport from these sediments on atotal PCB basis,
as discussed previoudly in this section. This discussion will involve a subset of cores where

dechlorination is not prevalent.

The farthest-upstream sediment core where dechlorination isnot asignificant factor islocated
at RM 177.8 near Stillwater. Asdiscussed in Section 3.2 and Subsections 3.3.2 and 3.3.5, historical
and current water column records show that the PCB loading at Stillwater is essentially the same as
that at the TI Dam, making this sediment core avaluable record of the combined T1 Dam load history.

This core actually liesjust upstream of Stillwater, outside the town limits and will be referred to as
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Onear Stillwater[] in subsequent discussions. However, because there are no substantial tributary
inputs between this location and the water column sampling station at RM 168.3, both the water
column PCB load and PCB concentrations are expected to be constant between these locations.
Therefore, results at this coring location and the Stillwater water column station at RM 168.3 should

be comparable.

In order to examine the historical transport of PCBs downstream from Stillwater, data from
four additional sediment coreswereincluded intheanalysis. These coresrepresent conditionsat RM
143.5 near Albany (Core 11), RM 88.5 near Kingston (Core 10), RM 43.2in Lents Cove (Core 6) and
RM -1.9 in Upper New York Bay (Core 2). These cores were selected based on satisfaction of the
dating criteriadescribed previoudly. Theorigina core siteswere selected, in part, based on roughly
equal spacing downstream from Stillwater. Notethat the Lents Cove and Upper New Y ork Bay sites
are located below the salt front. As noted above, this examination islimited to sediments deposited
since 1975.

Theloading of PCBs generated upstream of RM 177.8 is clearly documented by the sediment
record at Stillwater. Note that two cores (Nos. 21 and 22) were collected from this site. Good
agreement was found between the two cores for comparable time horizons based on matched **'Cs
profiles as shown in Figure 3-69. This figure represents the PCB congener pattern normalized to
BZ#52 for 1991 to 1992 deposition at RM 177.8. Notethat the congener patterns are nearly identical
in spite of the fact that the total PCB concentration of the two core diceswere 5.0 and 12.5 mg/kg, a
relative difference of 86 percent. Based on this comparison, it appears that the congener pattern is
preserved in the sediment independently of the total PCB concentration. Thus, if conservative
transport isthe main process governing water column PCB levels, then the congener pattern recorded
at RM 177.8 should be preserved in the downstream cores in sedimentsof smilar age. Notethat the
relative difference between Cores 21 and 22 was reduced to 62 percent when the total PCB
concentration was normalized by **'Cs. Theuseof PCB to **Csratio isdiscussed previously in this
section.

Theinformation presented in Figure 3-69 and in mogt of the remaining figuresin thissectionis
presented on anormalized basis. Thisnormalization was performed in order to simplify comparisons

of congener patterns among various types of media independently of the absolute congener
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concentrations. The normalization method involvesthe division of al congener concentrations by the
concentration of congener BZ#52. In this manner, the concentration of BZ#52 is set at 1.0 for all
mixtures. Congenersin mixturesat concentrations greater than that of BZ#52 have normalized values
greater than 1 and congeners at concentrations less than that of BZ#52 have normalized values less
than 1. BZ#52 was selected as the normalizing parameter based on its presencein Aroclor 1242, the
main Aroclor used by GE and on its reported resistance to degradation or dechlorination in the
environment. (Bopp et al., 1985; J. Brown et al., 1984).

Only one of thetwo cores collected at RM 177.8 near Stillwater extended down to sediments
deposited prior to 1954. Thiscore, Core 21, will be used here to represent the congener pattern of the
combined TI Pool load over the period 1975 to 1992 since its dating horizons have less uncertainty.
Since the subsequent discussions deal only with the congener pattern and not the absolute PCB
concentrations, this choice has little effect on the conclusions as supported by the close congener

pattern agreement shown in Figure 3-69.

Aswas discussed in Chapter 2 and in the Phase 1 Report (TAM S/Gradient, 1991), reported
GE PCB usage has consisted of varying mixtures of several Aroclors, principally including Aroclors
1016, 1242 and 1254. It isevident in the sediment record near Stillwater that at |east the latter two
Aroclorsplus Aroclor 1260 have been present in the water column mixture right up to the most recent
deposition. Figure 3-70 shows the congener composition of the most recent sediments deposited at

Stillwater in comparison with the congener composition of Aroclors 1242, 1254 and 1260.

It is evident in Figure 3-70 that the mgjority of the congeners detected in the Stillwater post-
1990 sediments occur in Aroclor 1242. However, several more-chlorinated congeners are also
present in substantially greater proportion in recent Stillwater sediments than that found in unaltered
Aroclor 1242. The most likely Aroclor responsible for these congeners, based on the reported GE
uses, isAroclor 1254. Thismixtureiscompared to the pattern at Stillwater in the second diagram of
Figure 3-70 and correlates well with many of the higher congeners. However, this mixture does not
contain al of the more-chlorinated congeners found near Stillwater. Specifically, at least eight
detected target congeners do not occur in Aroclor 1242 or Aroclor 1254. A possible Aroclor mixture
for these congeners is Aroclor 1260. This Aroclor is compared with Stillwater 1991 to 1992
sedimentsin thethird diagram of Figure 3-70. Notethat thisdiagram hastwo vertical scalesin order

3-113 TAM S/Cadmus/Gradient



to smplify the comparison of the mixtures. Aroclor 1260 contains little BZ#52 and so most of its
normalized ratios are much higher than those in the sample. Aroclor 1260 contains the eight target

congeners required to match the RM 177.8 sample (Core 21).

The fourth diagram in Figure 3-70 represents a rough attempt to synthesize the Stillwater
mixture from the three Aroclors. The mixture can be represented as containing approximately 82
percent Aroclor 1242, 16 percent Aroclor 1254 and 2 percent Aroclor 1260, suggesting that the recent
TI Dam loads contain all three Aroclors. The level of uncertainty in the latter two percentagesis
estimated to be" 50 percent of the value. The specific evidence for the presence of Aroclor 1260in
the congener patternsrecorded near Stillwater isgivenin Figure 3-71. Thetop diagraminthisfigure
isan expanded scale plot comparing Stillwater with Aroclors 1254 and 1260. Indicated on the plot
are eight target congeners found exclusively in Aroclor 1260 and present in the Stillwater sediments
for 1991 to 1992. In order for these congenersto be present in the sediments, the mixture must have
contained about 2 percent Aroclor 1260 as stated above. Because these are more-chlorinated
congeners, they cannot be synthesized in the sediments and must have been derived from an upstream
source. These congenersare not present in the background core collected at RM 202.9, and thus must

originate in the area between Bakers Falls and the TI Dam.

Additiona evidence can be seen in the suspended-matter samples collected in the Phase 2
water column monitoring program. In Figure 3-56, the congener composition of the suspended matter
at severa locationsin the Hudson is presented on amass-fraction basis. Note the presence of BZ#180
in all suspended-matter samples, in particular in suspended matter at RM 188.5 near the TI Dam and
RM 168.3 at Stillwater. As shown in Figure 3-70, this congener is a magor component of Aroclor
1260 and is not contained in either Aroclor 1242 or Aroclor 1254. Thus, its detection isindicativeof
the presence of Aroclor 1260 in the suspended matter at RM 188.5 and 168.3. To further explorethis,
the suspended matter at RM 194.6 at Rogers Island for Transect 4, April 12 to 14, 1993, was
examined on a congener basis. This sample was chosen since Transect 4 containsalarge PCB load
which originates above this sampling point. The congener composition of this sample may be

characteristic of the GE Hudson Falls facility releases.

The lower diagram in Figure 3-71 compares the more-chlorinated congener composition of

this sample with that of Aroclors 1254 and 1260. Again the eight target congeners uniqueto Aroclor
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1260 arefound in the suspended matter, proof of its presencein thissample. Figure 3-72 representsa
rough synthesis of the suspended-matter mixture at RM 194.6 based on Aroclors 1242, 1254 and 1260.

The Aroclor fractions were 94 percent, 5 percent and 1 percent, respectively. Both the surface
sediments and suspended matter confirm the presence of the three Aroclorsin the water column. The
differences between the Aroclor proportions of the two samplesare considered to be minor in light of
the different time periods represented by the samples and the distance between sampling points. The
surface sediment represents an average of 1991 to 1992 conditions downstream of the TI Dam while
the suspended matter represents a half-hour "snapshot” of water column conditionsbelow BakersFalls
but above the TI Pool. The differences between the two samples may represent variations in the
congener composition of theload at RM 194.5 over time since the more-chlorinated congenersin the

combined TI Dam load appear to originate upstream of Rogers Island.

The mixture of congenersrecorded in the Stillwater sediments hasanumber of unique features
which enable it to be identified in sediments downstream. In addition to the unique downstream
mixture of the three Aroclors, a number of target congeners are present or absent relative to these
standard Aroclor mixtures which serve to make the overall mixture even more easily identified. In
particular, the ratios of congeners BZ#18, BZ#26 and BZ#47, relative to BZ#52 may serve
specificaly toidentify the TI Dam mixture. Other congenersalso show significant differencesrelative
to the standard Aroclors but were not used here because they are non-target congeners, are subject to
uncertaintiesin quantitation due to chromatographic coelution, or are believed to be strongly affected

by dechlorination processes, either as reactants or products.

Using the Stillwater core, it is possible to examine the historical mixtures released into the
river. Figure 3-73 shows the congener patterns recorded at RM 177.8 near Stillwater from 1975 to
the present. These patterns were compiled as mean normalized ratios from the dated sediment
intervals corresponding to the given period. Thisfigure showsthat little variation has occurred inthe
congener composition over the period 1982 to the time of sediment core collectionin 1992. Thisisan
important conclusion becauseit smplifiesidentification of the combined Tl Dam load at downstream
locations. The oldest sediments shown in Figure 3-73 show a small shift toward less-chlorinated
congeners. This suggests that the mixture originating upstream of Stillwater contained less Aroclor

1254 relative to post-1982 releases. Note that in spite of the apparent decrease in Aroclor 1254
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components, Aroclor 1260 is still present in the 1975 to 1982 PCB mixture, based on the presence of
thetarget congenersshown in Figure 3-71. BZ#180isclearly evident in al diagramson Figure 3-73.

It is interesting to note the decrease in congeners BZ#56, 60, 70 and 74 with time. These
congeners appear to be very susceptible to loss, either within the sediment or during water column
transport. These four congeners appear to decrease significantly with depth without alteration of the
rest of the congener mixture, suggesting aselective destruction process. For the four diagrams shown
in Figure 3-73, the apparent loss of these four congeners increases as both the age and the sediment
PCB concentration increase. Thissubject isdiscussed in moredetail in Section4.3. J. Brown (1994)
has found evidence to suggest that these congeners are highly susceptible to degradation in the

sediment via dechlorination, supporting this finding.

The congener mixturefrom 1975 to 1982 also shows correspondingly greater levelsof BZ# 1,
4, 8, 10 and 19, which were found to be dechlorination products (see Section 4.3). If dechlorination
has begun to occur in these sediments, it may be responsible for the apparent loss of Aroclor 1254
components. However, whether dechlorination has occurred or Aroclor 1254 hassmply been present
in lower concentrations, the 1975 to 1982 congener mixture still bears a strong resemblance to more
recent deposition. This suggests that the congener mixture of the combined Tl Dam load has been

stable over time and, therefore, can be readily identified in downstream sediments.

The next core examined in this manner is Core 11, located in the tidal freshwater Hudson at
RM 143.5 near Albany. Thislocationisfar enough downstream from the TI Dam that the likelihood of
other PCB releases exists. Figure 3-74 comparesthe Albany congener mixture chronology with that
measured at RM 177.8. In general, thetwo patterns correl ate quite well throughout the entire congener
spectrum, indicating that the combined TI Dam load represents the dominant water column load at

Albany for the entire period.

Of noteisthe disagreement between the locationsfor congeners BZ#56, 66, 70 and 74 for the
period 1982 t0 1992. These appear to be removed from the sedimentsin Core 11 near Albany relative
to Core 21, near Stillwater. This suggests some loss of the congeners during transport or just after

deposition via a selective destruction process such as aerobic degradation or anaerobic
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dechlorination. Since the vast mgjority of the congeners maintain their relationship to BZ#52, it is

unlikely that the change in these four congenersis the result of any other phenomena.

The apparent dominance of the combined Tl Dam load in the Lower Hudson PCB loading is
evident over the entire period examined. Figures 3-75 through 3-78 compare the congener pattern
recorded at RM 177.8 near Stillwater, with the congener patterns recorded at the four downstream
locations for each of the selected time horizons, i.e., 1991 to 1992, 1987 to 1990, 1982 to 1986, and
19750 1981. In each figure the congener pattern at each station is compared to the congener pattern
at Stillwater for thetime period in question. 1n each case, the similarity between the Stillwater pattern
and that of Albany and Kingston are striking. The patterns match essentially over the entire spectrum
of congeners. The patterns at the Lents Cove and Upper New Y ork Bay stations also bear a strong
resemblance to the Stillwater pattern but also show the presence of additional more-chlorinated
congeners, suggesting the addition of Aroclors 1254 and 1260 to the river inventory by downriver

sources.

It isinteresting to note how the agreement varies over time. While the agreement is good for
al time intervals, the best agreement occurs for the time period 1975 to 1981 suggesting that the
combined TI Dam load was more important during this period than during any other. This close
congener pattern correlation, combined with the results of the conservative transport model presented

previoudly, confirms the dominance of thisloading in Lower Hudson PCB transport.

Using the differences between the congener mixture at each downstream station relative to
Stillwater, it is possible to estimate the fraction of the combined TI Dam load present in the
downstream mixture. The remaining fraction can then be attributed to additional loads added to the
Hudson downstream of RM 177.8. The calculation of the fraction attributed to the combined T Dam
load assumes that congeners are conservatively transported between RM 177.8 and the downstream
station, i.e., the calculation ignores losses due to gas exchange, dechlorination, water column
degradation and other geochemical processes. It is clear by the close agreement of the congener
patternsthat the downstream mixtures must be principally derived from the mixturefound at Stillwater,
i.e., the combined Tl Dam load. Although this does not constitute proof of this link, it is highly
unlikely that amixture of Aroclors could have been added to the Hudson at each |ocation which could

so closely mimic the upstream mixture over the entire 18-year period.
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The calculation of the combined TI Dam and local load fractions involved adding various
Aroclor mixturesto the Stillwater pattern in an iterative manner so as to produce a congener pattern
which closely mimicked the measured downstream result. This calculation does not necessarily
generate a unique solution but any solution is constrained by the ratios of the congenersin the mixture
to be mimicked. Specifically, the congeners unique to various Aroclors (e.g., BZ#180 for Aroclor
1260, BZ#118 for Aroclor 1254, and BZ#18 for Aroclor 1242 or 1016) were used to constrain the
amount of each Aroclor which could be added to the Stillwater mixture. Thus, any calculationinthis

fashion will produce similar proportions to those given below.

This calculation was done for the Albany and Upper New Y ork Bay cores for two different
time periods, i.e., 1991 to 1992, and 1982 to 1986. For the Albany core, both local additionsaswell
asthose from the Upper Hudson and the Mohawk River had to be considered. 1n examining the PCB
congener pattern for 1991 to 1992 Mohawk River sediments, it was clear that thisriver could not bea
substantial contributor to the PCB load at Albany during this period. Thisisillustrated by the top
diagram in Figure 3-79 which comparesthe RM 143.5 congener pattern with the Mohawk pattern for
1991 to 1992. The Mohawk clearly contains alarge, highly-chlorinated congener fraction which is
present at only minor levels at the Albany coring site, RM 143.5. In estimating the fractions of the
combined T1 Pool load, the Mohawk River and local additions, good qualitativefits could be obtained
only when the fraction contributed by the Mohawk was estimated at 5 percent or less. Thisis
consistent with the water column monitoring program which showed the Mohawk to contribute on
average approximately 10 percent or less, but suggests that the water column monitoring results may
yield an overestimate for long-term Mohawk contributions. Given that the Mohawk had at least a
once-in-70-year mean flow for April 1993 during the Phase 2 water column monitoring program as
shown by USGS preliminary data (USGS, 1994), the congener-pattern results are probably more

indicative of the Mohawk's long-term contribution to the Lower Hudson.

The second diagram in Figure 3-79 shows the resultsfor calculating the 1991 to 1992 Albany
pattern based on Aroclors 1016 and 1260 and on resultsfrom Stillwater and the Mohawk. Thefigure
clearly demonstrates an improved fit in the most-chlorinated congeners, aswell asadightly improved
fit around the less-chlorinated congenersrelative to the straightforward comparison madein thefirst

diagram of Figure 3-74. Based on the close agreement of calculated and measured Albany mixtures,
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the results suggest that the mean PCB load at Albany for 1991 to 1992 consisted of about 77 percent
combined TI Dam load with local additions consisting of 19 percent Aroclor 1016 and 3 percent
Aroclor 1260. The Mohawk River load probably represented 1 percent or less of thetotal load at RM
143.5 during thisperiod. Theseresultsare consistent with thewater column mass balance cal culation
presented in Section 3.2, which suggest the possibility of relatively small additional loadings below
Waterford. These results are also consistent with the ability of the conservative transport model to
predict the total PCB concentration in the sediment at RM 143.5 to within 25 percent based on the
concentration measured at RM 177.8.

This same calculation was done for Albany for the period 1982 to 1986. For this period,
agreement is good between the Stillwater and Albany results for all but the most-chlorinated
congeners, so a simpler calculation was performed using only Stillwater results and Aroclor 1260
(see the third diagram in Figure 3-74). Adding sufficient Aroclor 1260 to match the BZ#180 peak
yieldsthe pattern shown in the third diagram in Figure 3-79. Thiscalculation suggeststhat theload at
Albany consisted of 85 percent combined Tl Dam load with an additiona 15 percent due to the
addition of Aroclor 1260 either by local additions or the Mohawk River. Similar calculationswere
done for 1991 to 1992 deposition at RM -1.9. As shown in the first diagram in Figure 3-80, the
mixture at RM -1.9 contains substantially higher concentrations of the more-chlorinated congeners
relativeto RM 177.8. This shift suggests the addition of more-chlorinated congeners to the Harbor
load by local releases.

As part of the coring effort in the New Y ork/New Jersey Harbor, a core was collected at
Newtown Creek, atributary of the East River, which joins the Hudson at RM 0. Although this core
could not be dated due to the lack of a complete **'Cs profile, the surface sediments did contain ‘Be
indicating 1991 to 1992 deposition. This sample was collected in an attempt to represent the PCB
loads to the Harbor generated by sewage effluent and combined sewer overflows. Newtown Creek
receives discharges from both the Newtown Creek sewage treatment plant and a large combined
sewer overflow near the coring site. Thus, this core provides ameansto obtain an integrated sample

of these releases.

The congener pattern from this core was found to contain many highly-chlorinated congenersat

high concentrations relative to BZ#52. This is consistent with the direct measurements of sewage
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inflow and outflow for this facility discussed in Chapter 2. The second diagram in Figure 3-80
comparesthe RM -1.9 1991 to 1992 deposition with sedimentsfrom Newtown Creek. The pattern at
Newtown Creek shows higher concentrations of the more-chlorinated congenersrelativeto RM -1.9.
Using the Newtown Creek result to represent the mean Harbor addition and the RM 177.8 result to
represent the freshwater Hudson contribution, a mixture was cal culated which is compared with the
RM -1.9 pattern in the third diagram in Figure 3-80. The fractions of the RM 177.8 and Newtown
Creek mixtures in the synthesized mixture were 44 percent and 56 percent, respectively. The
agreement between the synthesized mixture and that of RM -1.9 is quite good particularly for
congeners BZ#20 and higher. As can be seen in the fourth diagram in Figure 3-80, the Newtown Creek
contribution can be approximated using a mixture of 40 percent Aroclor 1242, 36 percent Aroclor
1254, and 24 percent Aroclor 1260.

This calculation, unlike that for RM 143.5, makes severa assumptions which constrain the
conclusions. Specificaly, this calculation suggests that sewage effluent and combined sewer
overflowsrepresent half of the Hudson PCB load. However, thisis based on the assumption that the
Newtown Creek core represents the average sewage and combined sewer overflow congener mixture.

The data presented in Chapter 2 suggest that the Newtown Creek sewage PCB content is similar to
other New Y ork City plants, supporting this assumption. However, the possibility of other sources
cannot be ruled out. The calculation also assumes that the RM 177.8 mixture enters the Harbor
completely unmodified by the effect of salinity on partition coefficients or by local additionsin the
Albany area. Theeffectsof salinity are not well defined but add to the uncertainty associated with the
conclusion. Consideration of the second factor would suggest that one quarter of the calculated RM
177.8 contribution at RM -1.9 may be dueto load additions below Stillwater so that the fraction of the
RM 177.8 contribution at RM -1.9 would be decreased to 33 percent. This lower estimate (33
percent) is probably within the uncertainty of the original estimate of 44 percent.

In conclusion, the examination of the congener patternsin dated sediment cores demonstrates
the dominance of the combined TI Dam load throughout the Hudson for the period 1975 to 1992.
Based on the congeners patterns at RM 177.8 near Stillwater, it was possible to estimate the fraction
of downstream loadings attributable to the combined Tl Dam load. Based on 1991 to 1992 sediment
congener composition, the fraction of combined TI Dam loads at Albany was 77 percent. For the
period 1982 to 1986, the combined TI Dam load was 85 percent of the total & Albany. Based on
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similar calculations, the combined TI Dam load represents roughly one-half of thetotal water column
load in Upper New York Bay. These results are consistent with historical dated sediment core

analysis on a PCB to *'Csratio basis as well as the water column results presented in Section 3.2.

3.34 Estimation of PCB Load and Concentration across the Tl Pool based on GE
Capillary Column Data

In addition to the water and sediment results of the Phase 2 investigation, an independent
source of evidencefor load gain acrossthe Tl Pool isavailablein monitoring data collected as part of
GE'sfederally-mandated Post-Construction Remnant Deposit Monitoring Program beginning in 1991
and continuing to the present. Concentrations at both the upper and lower ends of the TI Pool were
analyzed by capillary column on aweekly or biweekly basis, and form alarge, internally consistent
data set. Despite some differences in analytical techniques, these data expand and confirm the
conclusions drawn from the Reassessment data collection effort, showing that the sediments of the Tl
Pool provide a consistent source of gain in PCB load, primarily in the less-chlorinated PCB
congeners. This effect appears to be independent of loading from the upstream GE PCB source at
Hudson Falls. Thisload gainisapparent in spite of the substantial increasein loading above Rogers
Island which is also documented by the GE monitoring program. The GE dataa so indicate that PCB
concentrationsin all homologue groupstend to increase acrossthe Tl Pool during the summer growth

months, when impact on biotaislikely to be greatest.

Data Collection and Analysis

GE began collecting water column samplesinthe T1 Pool for capillary-column PCB analysis
in April 1991 as part of the Tempora Water Column Monitoring Program (O'Brien and Gere, 1993c).
Some additional samples, analyzed by the same methods, were collected as part of GE's High Flow
Water Column Monitoring Program (O'Brien and Gere, 1993d). GE has provided USEPA with results
of these analyses in electronic form through June 1995; additional results through May 1996 were
obtained from Hudson River Remnant Deposits Monthly Progress Reports filed by GE with USEPA

(Genera Electric Co., 1996).
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Stations sampled on a regular basis by GE include, among others, the Route 197 Bridge
(Rogersldand) at RM 194.6, main channel side, which is at the north end of the Tl Pool (referred to
by GE as RM 194.2 due to differences in mapping references), and the western wing wall of the Tl
Dam, at RM 188.5 which is at the south end of the TI Pool. Comparison of results at these stations
quantifies changesin PCB mass and concentration during flow through the T1 Pool. For the period of
April 5, 1991 through May 29, 1996 there are 250 validated capillary-column resultsavailablefor the
Rogers Idand station, and 229 for the TI Dam station.

GE'sandytical contractor, Northeast Analytical Laboratories (NEA) analyzed both total water
and filtered samples by capillary-column GC, and reported the data as total PCBs and percent
contribution by homologue group. Tota concentrations were reported for every sample while
dissolved concentrations were not. Only the results for the total water samples are presented here.
NEA performed these analyses using their own protocol, NEA-608-CAP, which differs from the
analytical protocol used in the Reassessment and achieved resolution of fewer individual congeners.
The resulting chromatograms contain a number of co-eluting peaks containing more than one
homologue; thus homologue totas reported by NEA may differ from those obtained by the
TAMS/Cadmus/Gradient team. Coelution of dichlorobiphenyl congeners BZ#4 and BZ#10, which are
often significant in the Hudson River, is expected to result in a mis-estimation of the dichloro-
homologuetotal. Insum, the GE results may have some consistent differences from those obtained in

the Reassessment, but do provide an internally consistent basis for evaluating changes in load.

The NEA capillary-column analyses attained a nominal method detection limit (MDL) of 11
parts per trillion on total PCBs. Most samplesused for thisanalysiswere abovethat level. However,
the laboratory did report a qualified concentration for samples below the MDL in which PCBs were
detected. While these below-MDL values may be unreliable as individual measurements, they are
expected to be correct on average and were included in the analysis, rather than setting the below-

MDL valuesto an arbitrary value or zero.
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Analysisof PCB Loads acrossthe T1 Pool

The GE PCB concentration data are discrete point-i n-time (instantaneous) measurements. To
evaluate long-term trends on a mass-balance basis these are converted to estimates of total load
delivery. Concentration can be converted to load by multiplying the instantaneous concentration by
daily mean flow; however, load estimates must aso be provided for days on which concentration was
not measured. To estimate monthly loads, the team used the monthly averaging estimator of Dolan et
al. (1981), which has been demonstrated by Preston et al.(1989) to providerelatively accurate results

estimates of load for analysis of samples obtained on afixed time schedule. This estimator is:

¥ éd g u
Ln=a 980 (3-36)
j=1  €i=1 Nmu

where:

L istheload estimate for month m;

Np, isthe number of daysin month m;

q; isthe daily mean flow on day j;

Nn, is the number of days on which PCB observations were made during month m; and

C; Isameasured concentration within the month.
Simply put, the mean concentration observed during amonth ismultiplied by the sum of all daily flows
for that month, yielding, with correction for units, aload estimate in kg/month. Summation of flows
over an entire month will tend to dampen out any timing errors in flow which may result from this

procedure.

Fowsfor the calculation of load were taken from published and provisiona USGS gauge data
for the Hudson River at Fort Edward (station number 01327750) (USGS, 19933, 1993b, 19944, and
1996), which islocated just above the Rogers Iand sampling station. Daily flows were available
through February 1996, and |oads have been estimated through this month. Thereisno flow gauge at
T1 Dam, and flow there was assumed to be 1.0515 times flow at Fort Edward, based on the ratio of

drainage basin aresas.
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Figure 3-81 shows estimated monthly loads of total PCBs at RM 194.6 (Rogers Island) and
RM 188.5 (TI Dam). The anomaloudy-high PCB observation of January 19, 1994 at RM 194.6 was
not included; this sample is noted as having been collected from shore due to ice cover, and
abnormally high TSS concentrationsin the sample (19 mg/L) suggest that the sample was contaminated
by disturbance of near-shore sediment during collection. During most months, the load appearsto be
somewhat higher at TI Dam. Thereis, however, considerable month-to-month variability. Highloads
inApril 1992 and April 1993 reflect high spring flows; under these conditions, low concentrations can
represent considerable mass transport. The high loads in September 1991 occurred in conjunction
withrelatively low flows. On September 18, 1991 concentrationsat RM 194.6 (Rogers Iland) rose
to over 4000 ng/L, which was two orders of magnitude greater than the previous mean, as shown in
Figure 3-82. Thisrepresents the first documented activation of the GE Hudson Fallsfacility source
upstream. Theimpact of the upstream source on total load isagain clear in 1992 and early 1993, then
tapers off. Findly, a high estimated load at RM 194.6 (Rogers Iland) in January 1993 isdueto a
single observation of 1086 ng/L total PCBs on January 14. Sampling did not capture this
concentration slug at RM 188.5, and it is possible that this sample could also represent disturbance of
contaminated sediment in the sampling procedure, athoughit isnot annotated as having been collected

from shore.

Longer-term trends are more readily seen by looking at the cumulative sum of the loads.
Figure 3-83 comparesthe cumulative total PCB loadsat RM 194.6 (RogersIdand) and RM 188.5 (Tl
Dam), aong with upstream loads at RM 197.6 (Fenimore Bridge). The lines consistently diverge,
indicating a steady gain in PCB load across the TI Pool, independent of the upstream source. This
load gain is apparent under all conditions, even under the large increases in the upstream source at
Hudson Falls. RM 197.6 measurements indicate that the load upstream of Hudson Falls is usually
inggnificant. Thetota estimated gainin PCB load in the water column during passage through the Tl
Pool over the period of observationsis 998 kg, or 203 kg/yr, as shown in Table 3-21.

The changein load acrossthe Tl Pool varies dramatically with homologue group. Of thetotal
gainin PCB load, 90 percent isin the mono- through tri-chlorinated homologue groups. Figures 3-84
through 3-87 show the cumulative loads for mono-, di-, tri- and tetra-chlorinated biphenyl homologues
respectively. The mono-chlorinated homologues at TI Dam appear to have been derived amost
entirely from within the T1 Pool, and the di-chlorinated homologues also show a strong gain. In
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contrast, most of the tetra-chlorinated homologue load is already present at Rogersidland, with only a
dight gain measured at TI Dam. Similarly, only small gainsin the other, more-chlorinated homologues
were observed.

A plot of themean daily load (Figure 3-88) aso showsan increasein loading rate, on average,
in the mono- through penta-chlorinated homologue groups, with strongest increases in the mono-
through tri-chlorinated homologues. Together with the cumulative load anaysis, this indicates a
consistent gain in the less-chlorinated homologues during transit through the Tl Pool. These
homol ogue groups contain PCB congeners which are anaerobic dechlorination endpoints and most
likely represent a flux of weathered PCBs from the Tl Pool sediments as discussed in Section 3.2.

An dternative hypothesisfor theincrease in the mono- and di-chlorinated homologueloadsis
that the load leaving the T1 Pool represents the release of stored PCBs derived from the upstream
source which arethen rapidly dechlorinated within the Tl Pool. It doesnot, however, appear that the
bulk of load gain in the mono- and di-chlorinated congeners can be attributed to this process, for the

following reasons.

Thereisalarge and consistent gain in total PCB mass across the Tl Pooal;

No corresponding reduction in the mass of the more-chlorinated congenersentering
the T Pool has been detected which would account for the increase in mass of
dechlorination products;

Dechlorination appears to be a significant process only under anaerobic
conditions, whereas the surface sediment layer inthe T1 Pool istypically aerobic.
Given evidence of low burid rates, there are no known mechanisms by which
massive dechlorination of PCBs|oaded to the T1 Pool from upstream could occur

over short time horizons.

Figures 3-89 through 3-93 display the estimated |oad gain on amonth-by-month basisfor total
PCBs and mono- through tetra-chlorinated homologues. These do not show any clear evidence of
storage and later release of upstream loads, i.e., nearly all months show aload gain across the pool.
Loads of mono- and di-chlorinated homologues are reduced during 1995 primarily becausethiswasa

drought year, resulting in lower rates of masstransport. Total flowsat Fort Edward for April though
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August 1995 were only 30 percent of those during the same period in 1994. It isof interest to compare
theload gains observed in the April through August 1991 period, which is prior to the onset of recent
major releases by the GE Hudson Fallsfacility, to those in June through December 1993, when the GE
Hudson Falls source was again largely inactive. All homologues show asimilar patternin which the
Juneto December 1993 |oads are €l evated above those of April to August 1991. Therelative change
in load is smallest in the monochlorobiphenyl fraction and increases with increasing level of
chlorination. This could in part reflect an increase in surface sediment contamination since 1991
which would tend to affect the homol ogue groupsin proportion to the upstream source, i .e., principaly
trichloro- and tetrachloro-homologues. Flows, however, were about 10 percent greater in the summer
of 1993 than in the summer of 1991, and substantialy higher during the spring, with the April 1993
total flow at Fort Edward more than twicethat of April 1991. Larger gainsacrossthe Tl Pool in 1993
may thus be attributable primarily to greater erosive power, porewater displacement and transport
capacity in that year. These factors and their impacts on the water column PCB inventory are
discussed in Section 3.2.

Changesin Water Column PCB Concentration acrossthe TI Pool

The GE data can aso be used to examine changesin water column concentrationsacrossthe Tl

Pool. First, in accordance with the load analysis, thereisasignificant change in the PCB homologue
composition, as shown in Figure 3-94. At RM 194.6 (Rogers Idand), the mono-chlorinated
homol ogue group accounts for much less than 1 percent of the total PCB concentration, whilethe di-
chlorinated group accounts for a little less than 11 percent. At RM 188.5 (TI Dam), the mono-
chlorinated group has increased to 11 percent of the total, and the di-chlorinated group to nearly 18
percent. While the tri-chlorinated group has declined as a percent of the total, it has increased its
importance in relation to the more-chlorinated homologues. This is generally consistent with the
Phase 2 investigation results, although the Phase 2 results indicate an even greater shift to the less-

chlorinated homologue groups.

Summer water column concentrations are of particular importance to bioaccumulation.
Examination of concentrations for the June through August period indicates that a consistent gain in
concentrationsthrough at least the tetra-chl orinated homol ogue group occurs during summer low-flow
transit through the T1 Pool. Figures 3-95 through 3-99 display mean concentrations at RogersIsland
and T1 Dam for the summers of 1991, 1992, 1993, 1994, and 1995. The gain in lower-chlorinated

homologue groups acrossthe Tl Pool isevident in all six years, although total concentrations change.
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Thedifferences between the years are al so significant; the 1991 data represent conditions before most
of the mgjor releases from the GE Hudson Fallsfacility occurred. In contrast, substantial PCB loading
from the Hudson Falls facility did occur in summer 1992, and the mean concentrations are higher,
although till showing a gain across the Pool in the mono- through tetra-chlorinated congeners. In
summer 1993 and subsequent years, the Hudson Falls source again appears to have been relatively
inactive. The homologue pattern of summer mean concentrations in this year issimilar to 1991, but
with somewhat higher concentrations of mono- and di-chlorinated homologuesat TI Dam. In summer
1994 and 1995, homologue concentrations were similar to summer 1991, except for an apparent

increase in mono- and di-chlorinated congener concentrations relative to 1991.

In conclusion, the GE monitoring results define both the scale of the recent Hudson Falls
facility PCB releases and the load gain acrossthe T Pool for the period April 1991 to February 1996.
Theload gainis consistent with that found in the Phase 2 results discussed previoudly. In particular,
both the GE and the Phase 2 resultsindicate that, for 1993, summer water column levelsand loadsare
principally derived from the Tl Pool. Asillustrated in Figure 3-97, the mean summer water column
inventory at the Tl dam is three to four times greater than that at Rogers Iland, indicating that two-
thirdsto three-quarters of thewater column PCB inventory a Tl Dam isderived from the Pool. Based
on the interpretation in Section 3.2, al points downstream are affected in a similar fashion. For
summer 1991 conditions, approximately half of the water column inventory at TI Dam was derived
from the Pool. Thus, the GE data provide alonger-term measure of the importance of the Tl Pool to

Hudson River water column PCB levels.

3.3.5 Estimated Historical Water Column L oadings Based on USGS M easur ements

The measurement of water column PCB levels by the USGS represents one of the largest data
sets of its kind for the Hudson River. Due to analytical and sampling limitations, these data can be
used to develop only approximate estimates of water column PCB load, but still provide a useful
indication of historical trendsin loading. This section presents an analysis of the historical water

column loading data, covering the period 1977 through 1994, using two different statistical techniques.

In the Phase 1 Report (USEPA, 1991), Table B.4-4 provides estimates of annual PCB load in
the Hudson River derived from USGS observations. The estimates contained in that table have now
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been revised using additional dataand arefined methodol ogy for |oad estimation has been devel oped.

The present analysis confirms and expands the previously reported results. The Phase 1 Report
provided load estimates through calendar year 1989. New data have been obtained through theend
of 1994 (USGS, 1993b and 1994c). Some additional data have also been obtained for earlier years,
primarily because USGS-reported Aroclor values have been obtained in addition to total PCB
estimates.

The calculation methods differ fromthose used for the Phase 1 estimatesin several respects.
First, daily mean flows have been used for estimation rather than instantaneous discharge values.
(Flows at Schuylerville were estimated from Fort Edward data.) Where multiple concentration
measurements are available for the same day, these have been averaged. Nondetects on total PCB
concentrations were set to one-half the nominal detection limit. Nondetectsin individual Aroclor data
were set to zero in calculating totals from sums; but if al Aroclor concentrations were reported non-
detect, and atotal PCB concentration was not reported by USGS, the total concentration was set to
one-half the nominal detection limit for totals in that time period.

The " corrected mean" method used for the Phase 1 Report was an ad hoc method designed to
help avoid the problem of bias in sampling. However, its statistical properties have not been
established, and the method has not been tested on other data sets, which reduces defensibility of the
resulting estimetes. Preston et al.(1991) investigated the performance of 24 different methods
proposed for estimating mass loads in streams from limited concentration observations. These
methodsinclude varioustypes of averaging, ratio and regression estimators, applied with and without
stratification, and under systematic and event-focused sampling, with evaluation of error and bias.
Stratification isaprocess of data separation into subsets or bins, where each bin is characterized, as
defined here, by anarrow range of values. They considered load estimation for total phosphorus, zinc,
ammonia, copper, iron, Aroclor 1242 and Aroclor 1260 in the Grand and Saginaw Rivers,
representing avariety of flow-concentration patterns. Preston et al. concluded that no single esimator
could be determined a priori superior for agiven situation. However, certain estimators performed
relatively well for all test situations, including estimation of Aroclor loadsin the Saginaw River. In
particular, ratio estimators (adapted from sampling stati stics) were recommended asrobust to sources
of biasinherent in flow-concentration relationships, and, when stratified by flow, were a so resistant
to biasin event sampling. TAMS/Cadmus/Gradient therefore applied astratified version of theratio
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estimator developed by Cochran (1977). Table 3-22 displaysthe stratification criteria; resulting load
estimates are shown in Table 3-23.

Averaging methods have been more commonly applied to |oad estimation than ratio estimators,
and some averaging methods a so performed well in the tests conducted by Preston et al. Themonthly
and seasonal averaging methods of Dolan et al. (1981), which use average observed concentrations
with the complete record of daily flows, were generally precise, i.e., having low variability, but in
some cases showed greater bias than ratio estimators. For comparison, Table 3-23 also shows the
results of applying a seasonal averaging method; data were insufficient to apply monthly averaging.

Theresults of applying this estimator are generally in close agreement with the ratio estimator results.
The ratio estimator of Cochran (1977), calculated over k individual strata, is:
L=

Kk
- [¢)
h=

(i, )Q, (3-37)

i

where;

L isthetotal annual estimate of load;
| isthe average load on days where measurements were taken in the stratum;
g isthe average flow on days where measurements were taken in the stratum; and

Qisthesum of al daily flowsfaling within that stratum over the course of the year.

The asymptotic estimate of the variance for the ratio estimator is given by:

k -
V>>§1—“£—‘”—“2N Nu-n (§+ RZ<n- 2Rn CVign) (3-38)

h=1 Nh

where:
s, isthe sample variance of load in stratum h;
sl 4n is the sample variance of flow in stratum h;
Ry istheratio of load to flow in stratum h; and
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CV,qn isthe covariance between load and flow in stratum h.

The averaging estimator of load presented by Dolan et al. (1981) computes the mean
concentration observed during agiven time period and then appliesthis mean to the compl ete series of
daily flows. Thisapproach has been demonstrated to be much more reliable than estimates computed
by averaging individual load estimates, sincethe latter approach ignorestheinformation present in the

flow values for days on which concentrations were not measured. The estimator is given by:

.4 A8 o O
(=4 &apca 2y (3-39)

where:
mis season;
] isday within season;
N, isthe total number of days within the season;
n, is the number of days within the season for which concentration observations are
available; and

Cijn aretheindividual concentration measurements.

Essentialy, this method determines the average concentration within a season and then appliesthis
average over the complete series of measured flows for that season. Averaging estimators are
typically not stratified.

The four strata used for the ratio estimator were based on visual examination of sediment
rating curves at the USGS monitoring stations with breakpoints between strata summarized in Table 3-
22. Thelower breakpoint approximately defines the low-flow regimein which concentrations appear
to show aninverserelation to flow. The breakpoint between the second and third stratais designed to
coincide approximately with the break between non-scouring and scouring regimes of 600 n/s, or
21,000 cfs, at the Waterford gauge, proposed by Schroeder and Barnes (1983). Finally, the upper
breakpoint servesto address extreme high-flow events. In various cases, no sampleswere available

in a given year within one of the strata, usually one of the two high-flow strata. 1n such cases the
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degree of stratification was reduced from four to three, as needed to account for all daily flowswithin
the year.

The resulting estimates of load from the ratio and averaging methods are generaly in
agreement, with the averaging estimates within two standard deviations of the ratio estimates. The
load estimates are also similar to the Phase 1 results, but reflect use of a different methodology and

increased sample size.

Station-by-station comparisons of load estimates are shown in Figure 3-100 for the ratio
estimator, and in Figure 3-101 for the averaging estimator. Loads upstream of RM 194.6 at Rogers
Island generally declined from 1983 to 1991, then increased in 1992, reflecting releases from the
upstream source at the GE Hudson Fallsfacility. Loads upstream of RM 194.6 at Rogersisland then
declined in 1993 and 1994, with 1994 |oads being the lowest for any year estimated. 1994 |oads at
the downstream stations a so declined, but are similar to estimates for 1988-1991 (see Figure 3-101).
As with the |oad-estimation results reported in Phase 1, there is no obvious and consistent gainin
load downstream of Rogers Island after 1984 athough results vary considerably from year to year.

Therdatively high level of uncertainty in the estimates, however, may obscure all but gross trends.

In general, the analysis of the USGS data confirms the loading trends seen in the dated
sediment cores presented in Subsection 3.3.3, i.e., arelatively steady decrease up to the mid-1980s
followed by a plateau in the loading from the Upper Hudson. The absence of an obviousincreasein
load between Rogers Iland and Waterford conflicts directly with the Phase 2 water column
monitoring results which show a substantial load gain across the TI Pool throughout the monitoring
period. It is likely, however, that this discrepancy is largely due to differences in the analytica
methods used. Specifically, the USGS data are reported with relatively high detection limits and do
not accurately reflect the monochloro- and dichlorobiphenyl fraction of the water column load, as
discussed by Bush et al. (1987). Asdiscussed in Section 3.2, these represent substantial portions of
the water column load, and principally originate below RogersIsland inthe Tl Pool. Based on the
results discussed in Section 3.2 and Subsection 3.3.4, it is evident that much of the more-chlorinated
congener loading originates above Rogersdand whiletheless-chlorinated congenersoriginateinthe
Tl Pool. Sincethe USGS dataare analytically focused toward the more-chlorinated congeners, these

results are considered to be consistent with the Phase 2 results, given the analytical uncertainties.
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In conclusion, the USGS results show a decline in Upper Hudson PCB loading from the late
1970s to roughly 1984 followed by arelatively stable load, largely originating above RM 194.6 at
Rogersidand. High loads estimated for 1992 reflect the recent releases from the GE Hudson Falls
facility. The USGSresultsdo not accurately represent the load of less-chlorinated PCB congenersin
the water column, and so can only be used to track the more-chlorinated congeners over time. The
results suggest that the majority of the heavier congenersin the water column have originated above
Rogers Island since about 1984.

3.3.6 Conclusions Concerning Historical Water Column Transport

Section 3.3 of the Phase 2 report examines historical water column PCB transport based on
severa different datasets. Each of these data sets provides an independent estimate of water column
loads at similar river locations. In general, the conclusions drawn from each data set are comparable

although there are some differences.

Based on the examination of Phase 2 suspended matter and ‘Be-bearing sediments, several
important results were obtained which support the use of dated sediment cores as records of thewater
column. A close agreement was found between the congener patterns of local suspended-matter
measurements and the associated surface sediments. Good agreement was also found between the
range of thetotal PCB concentrations on suspended matter and that in surface sediments. Theseresults
demongtrate that "Be-bearing sediments record the suspended-matter conditionsfrom which they were
derived. By inference, in coresfrom locations which are shown to steadily accumulate sediment, the
suspended- matter patterns are continually recorded over time. The surface-sediment congener pettern
most closely agreed with spring suspended matter, as anticipated. This suggests that the dated
sediment coresintegrate the water column transport in proportion to the suspended- matter [oad. Thus,
the dated sediment core results are most useful in documenting major suspended-matter transport
events. Given the importance of the spring-runoff event to PCB transport, the cores provide an
excellent meansto monitor | oadings on along-term basis. Finaly, the agreement between suspended-
matter sample PCB congener patternswithin each transect is cons stent with the agreement seen across
the surface-sediment PCB congener patterns. Thisresult strongly suggeststhat suspended- matter PCB
transport occurs such that the PCB homologue distribution is preserved and that there are no

substantive additional sourcesin the freshwater region of the Upper and Lower Hudson.
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The dated sediment cores provide two bases on which to examine the historical PCB loading
in the Hudson. The first basis is the sediment total PCB levels. These data were examined for 14
dated sediment cores from the Upper and Lower Hudson as well as the major tributaries. The
historical trendsfrom 1975 to 1992 show acontinua decreasein PCBsto the early 1980sfollowed by
a PCB concentration plateau which extends amost to the time of core collection in 1992. These
results document the absence of any major PCB rel eases by the GE Hudson Fallsfacility or any other
source for the period 1983 to 1990 on the scale of the 1991 and 1992 GE releases. The coreresults
also document the absence of significant sources to the Hudson upstream of the GE Hudson Falls
facility. A ssimplemodel of PCB transport assuming conservative transport between coring locations
was capable of explaining the general trend in sediment levels along the entire Hudson for each of four
time intervals between 1975 and 1992. The model corrected only for dilution by tributary flow and
accounted for different sediment deposition rates by normalizing for *’Cs. The results showed that
below RM 177.8 near Stillwater, PCB transport islargely conservative with no substantial |osses or
gains as far downstream as RM 42.3, the northern end of the New Y ork/New Jersey Harbor. This
result was consistent over the entire 17-year period examined and demonstrated the dominance of the
combined TI Dam load to the freshwater Hudson. The core results al so appeared consistent with the
GE-documented increase in PCB loadings from the area upstream of RM 194.6 at Rogers Island,

although the uncertainties in the coring results were too great to confirm this trend.

Examination of PCB congener patternsyielded similar results concerning the importance of the
GE PCB loadsin the freshwater Hudson. The resultsindicated that the suspended- maiter PCB fraction
inthe combined TI Dam load for 1991 to 1992 was roughly comprised of 82 percent Aroclor 1242, 16
percent Aroclor 1254 and 2 percent Aroclor 1260, based on the surface sediment congener pattern at
RM 177.8. The congener composition of suspended matter collected at RM 194.6 in April 1993
suggested the presence of these three Aroclors as well, although the fractions of Aroclors 1254 and
1260 were about one-third of those in the 1991 to 1992 sediments. The fractions of the latter two
Aroclors were unexpected based on reported GE PCB usage over time and suggest that the current
releases are somehow a mixture of al historical usage at the facilities. In particular, there is no
reported usage of Aroclor 1260 by GE although it isclearly present in the water column load derived

from their facilities.
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The congener patterns themsel ves showed good cons stency downstream of the TI Dam at RM
188.5. Using five sediment coresfrom RM 177.8 near Stillwater to RM -1.9in Upper New Y ork Bay,
the importance of the RM 177.8 pattern, and, therefore, the combined TI Dam load throughout the
Hudson, was apparent. An examination of congener patternsat RM 177.8 near Stillwater over time
was used to document the combined TI Dam load history from 1975 to 1992. The patterns showed
only minimal variability over time, with agradual shift to more-chlorinated congenersfromthe period
1975 through 1981 to the period of 1982 through 1986, suggesting the presence of additional Aroclor
1254 in the more recent period. After 1982, the congener pattern appears very consistent over time.
A similar changein the PCB congener distribution over timewas also observed in downstream cores,

supporting the conclusions of the suspended- matter/surface-sediment comparison.

The congener patterns in downstream cores were relatively consistent with those near
Stillwater. The minor differences were used to estimate the amount of additional loading which
occurred between RM 177.8 and two downstream locations, i.e., RM 143.5 near Albany and RM -1.9
in Upper New York Bay. Additional loadings were calculated for 1982 to 1986 and 1991 to 1992
conditions. At Albany, 1991 to 1992 deposition was estimated to consist primarily of the combined
T1 Dam load with possibly 22 percent derived from local loadings. The remaining 5 percent was
derived from the Mohawk River. For 1982 to 1986, the combined TI Dam load represented 85
percent of the load at RM 143.5. To some extent weathering of the PCB homologue pattern in the
water column or soon after deposition may be responsible for the apparent local loadings sinceloss of
lighter congeners would give the appearance of an additional local PCB load. Thiswould be more
consistent with the result obtained from the total PCB **Cs analysis which indicated the absence of
substantive PCB loads in the freshwater Hudson other than those from the Upper Hudson. In Upper
New Y ork Bay, the combined Tl Dam loading appeared to represent roughly one-half of the 1991 to
1992 Harbor load based solely on sediment congener pattern, consistent with the findings of Bopp and
Simpson for 1982 to 1986 time period (Bopp and Simpson, 1989)

The GE monitoring data cover only arelatively short period of time,i.e., April 1991 to May
1996, as compared to the dated sediment cores. However, the results obtained document the large
loads originating upstream of RM 194.6 over this time period, attributed by GE to the GE Hudson
Fallsfacility. The GE data aso support and extend the general findings of Section 3.2, i.e., that the

Thompson Island Pool represents a major source of PCBs to the water column with greatest load
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increasesin the mono- through trichlorinated homologues. Thisgain in lower-chlorinated homologue
groups acrossthe Tl Pool isevident throughout the 1991 to 1996 period. Increased concentrations of
mono- and dichlorinated homologues were evident in the years following the 1992 rel eases from the
GE Hudson Fallsfacility relative to 1991 concentrations.

Table 3-23 compares the PCB water columnloads at Rogers|sland and the TI Pool for 1993
based on Phase 2, GE and USGS water column data. Evident in both the Phase 2 and GE dataiis the
importance of the Tl Pool source. Both data sets document the scale and the characteristic shift of the
PCB load to less-chlorinated congeners acrossthe Tl Pool. The table also showsthe good agreement
between estimates generated by Phase 2 and GE data sets for total PCB levels.

The USGS data st provides the longest-term water column monitoring record. These data
show the same general temporal record asthe dated sediment coresfor the period 1975t0 1992, i.e,a
large decrease in the PCB loading during the period 1975 to the mid-1980s, followed by aplateau in
the loading from the Upper Hudson loads up to 1991. Likethe core data, the USGS data do not show
evidence for large releases originating upstream of RM 194.6 at Rogers Island prior to 1992. In
contrast to the Phase 2, and GE water column monitoring results, the USGS data do not indicate a
substantial load gain acrossthe Tl Pool. Thisislikely dueto the analytical method used. Specificaly,
the USGS data do not accurately reflect the mono- and di-chlorinated homol oguefractions of thewater
column load, since they are focused on Aroclor standards which contain little of these homologues.
Based on the Phase 2 data presented in Section 3.2, the less-chlorinated congeners represent a
significant fraction (on the order of 50 percent) of the Tl Pool load. Thus, considering the analytical
limitations of the USGS methodol ogy, the USGS results are not inconsi stent with the Phase 2 and GE
data, both of which suggest that less-chlorinated congeners represent a substantial portion of the Tl
Pool source whilethe more heavily-chlorinated congeners appear to originate upstream of the T1 Pool.

Overdl, this examination has documented the importance of the combined Tl Dam load to the
entire Hudson River. The examination of GE data confirmed the finding of the Phase 2 water column
investigation showing the dominance of the T Pool sourceto water column loadsduring at least 11 of
12 months of the year, along with its characteristic less-chlorinated-congener composition. The GE
data also show the T1 Pool load continuing up to the present time. The USGS results agree with the

dated sediment cores concerning the trend of PCB loading with time and the absence of significant
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loadings from the GE Hudson Falls facility before 1991. The examination of dated sediment cores
documents the history of the combined T1 Dam load and its |ong-term dominance of the water column
PCB inventory in the Lower Hudson. The core results examined on a mass basis also show PCB
transport to be largely conservative from RM 177.8 to RM 88.5 and possibly to RM 43.2. The
examination of congener composition in the cores yielded additional evidence supporting this
conclusion as well as evidence on the relative scale of the PCB load from the Mohawk River and

other sources below the TI Dam.

3.4 Integration of Water Column Monitoring Results

In the previous sections of Chapter 3, various studies and analyses are presented which
represent different aspects of water column PCB transport in the Hudson. Each examination provides
a unique and essentially independent perspective on water column PCB transport phenomenain the
Hudson. In this section, the results of these analyses are compiled to provide an integrated
interpretation of water column PCB transport. Specifically, this section summarizes the overall
findings and cites the supporting evidence for the various conclusions among al the analyses
presented previoudy. A listing of the major conclusions is provided in Section 3.6 following a

discussion of PCB loadings to the Lower Hudson in Section 3.5.

Of particular interest in this report are the conclusions regarding PCB |oadings from the Tl
Pool sediments. This section summarizesthe evidencefor the nature and size of thisloading based on
three independent measurement programs. The evidence strongly supportsthe conclusion that T1 Pool
sediments currently represent approximately 65 percent of the total PCB |oad to the water column and
that loadings from the Bakers Falls-T1 Pool arearepresent the single largest PCB sourceto the entire
freshwater Hudson.
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3.4.1 Monitoring Techniquesand PCB Equilibrium

This section summarizes the important conclusions concerning the techniques applied in
sampling. These sampling achievements support the geochemical discussions that follow. For the
water column monitoring programs, asatisfactory level of sampling precision was obtained whereby
loading differences between monitoring stations greater than 20 percent can be considered significant.

The results of the short-term measurement of water- column conditions, i.e., transects and flow-
averaged sampling, are well supported by the dated sediment-core results. Surface-sediment PCB
congener patterns match suspended-matter PCB patterns, giving credence to the extrapolation of the
water column monitoring resultsto longer-term conditions. Thisresult aso confirmsthelink between
dateable sediment cores and the water column. Thislink between water column samples and dateable
sediment cores was established over most of the freshwater Hudson (more than 100 miles) and serves
to strengthen the conclusions drawn from either program. The sediment coring program obtained 14
datable coresfrom 12 |ocations covering more than 200 river milesand three magjor tributaries. This
data set was used to examine historical water column PCB transport over this entire distance back to
1975.

In addition to the success of the Phase 2 water column monitoring programs, theinvestigation
was also able to examine the nature of PCB sediment-water partitioning in the Hudson. Based onthe
wide range of water column conditions sampled, an empirical relationship among the partition
coefficient, the concentration of suspended organic matter (particul ate organic carbon), and the water
temperature was devel oped for each target congener. Thisrelationship iscapable of predicting instu
congener-specific partition coefficients to within "50 percent based solely on these variables when
equilibrium conditions are anticipated. Further analysis of PCB partitioning strongly suggested that
the PCB distribution at Rogers Iland was not in equilibrium whereas points downstream of Rogers
Island appear to be close to equilibrium conditions. Thus, suspended matter-water equilibrium canbe
assumed when interpreting sampling resultsat the TI Dam and below. Thisconclusion aidsthe current
interpretation as well asthe Phase 2 modeling effort. Specifically, this conclusion greatly increases
the usability of the dated sediment cores sinceit can be assumed that the PCB level sand paiternsinthe
sediments were in equilibrium with the water column before deposition. Therefore, variations in

sediment-core PCB concentrations directly reflect variations in water column PCB levels.
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This conclusion is supported by the PCB equilibration study and by the special set of
circumstances surrounding Transect 3 in March 1993. The PCB equilibration study showed no
substantive shift in partition coefficientsin samplesheld for four days beforefiltering relative to those
samples collected and filtered within four hours of collection, implying that an effective sediment-
water PCB equilibrium had been established prior to collection. It should be noted that four daysis
the approximate transit time for water between Rogers | land and Waterford during much of the year

and thus represents the standard amount of time availableto establish equilibrium in the water column.

Thethird transect provides some additional information on the speed of equilibration. During
this transect, water column concentrations between Stillwater and Waterford increased roughly
fifteen-fold within a 24-hour period as the result of Hudson River sediment scour induced by the
Hoosic River. In spite of the speed of this change, PCB partition coefficients changed only dightly
relative to upstream conditions. Theimplication of thisresult isthat sediment-water PCB equilibrium
is established within 24 hours of the addition of new material to the water column.

The finding that Rogers Idand is out of equilibrium relative to downstream locations is
consistent with its proximity to the GE Hudson Falls facility whose loading is monitored at Rogers
Island. For thisinvestigation, the transit time between Hudson Falls and Rogers Island was always
lessthan six hours and frequently lessthan four hours. 1t should be noted, however, that the difference
in Rogersldand conditionsrelative to locations downstream may a so betheresult of the form of PCB
release from the GE Hudson Falls facility. GE has found evidence to indicate that some of the PCB
load from this facility entersthe river as a PCB-bearing oil (OLBrien & Gere, 19944), which may
effect the time needed for equilibrium or the number of phasesinvolved in equilibrium.

3-138 TAM S/Cadmus/Gradient



3.4.2 LoadingsUpstream of the Tl Pool

Before examining the loadings from the T1 Poal, it is first necessary to examine the loading
originating upstream of the Pool, specifically the water column loads at the Fenimore Bridge (RM
197.4) and at Rogers Idand (RM 194.5). Samples from these locations can be used to represent the
background loading from the Upper Hudson and from the GE facilities and remnant deposit area,
respectively. Background conditions at the Fenimore Bridge have been monitored as part of the Phase
2 investigation, as well as by GE as part of its Post-Construction Remnant Deposits Monitoring
Program. Both programs show theloading at RM 197.2 to be much lessthan PCB loading originating
between RM 197.2 and the T Dam.

On average, the Phase 2 results indicate the average background flux to be less than 0.03
kg/day (0.78 kg/month) or 1.4 percent of the downstream loadingsat TI Dam. The homologue pattern
was found to be highly variable with more-chlorinated congeners representing most of the mass, unlike
the downstream loads (Figures 3-38, 3-40, 3-43, and 3-47 show the homologue patterns for the
downstream loads). The datafrom General Electric for June 1991 to February 1996 yield aflow-
weighted average background flux of 0.20 kg/day (5.9 kg/month). The GE estimate is constructed
using values as reported including those below their reported detection limit or as one-haf the
detection limit when the data are smply reported as non-detect. The higher load estimate for GE is
largely attributed to their higher detection limit relative to the Phase 2 study which limits the
usefulness of the GE data set in estimating background loads. For example, during the Phase 2 study
period, the mean GE load was 0.14 kg/day relative to the Phase 2 reported load of 0.03 kg/day. Of
particul ar note are two singular concentrations reported by GE for November 2, 1995 and December
27, 1995 at the Fenimore Bridge. The concentrationswere nearly 100 times greater than any previous
or subsequent measurement. The reason for these two high valuesis unknown but they areincons stent
with subsequent downstream concentrations and may be the results of construction activities at the
Bakers Falls Dam. Excluding these two high values, the mean loading at Fenimore Bridge for April
1991 to February 1996 drops to 0.13 kg/day. Utilizing the GE data for the post-Phase 2 monitoring
period, October 1993 to February 1996, an upper bound background load estimate of 15 percent of the
TI Dam load is obtained.
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Both the Phase 2 and GE estimates are considered upper bounds onthe background PCB flux a
RM 197.2 due to analytical limitations, particularly in the case of the GE data. Water column
concentrations at thislocation are very closeto the anaytica quantitation levels and thus measurement
uncertainty and potential blank contamination may serveto raise the measured valuesrelative to actua

conditions.

Theseresults are supported by the dated sediment core resultsfor RM 202.9 near Glens Falls
and RM 188.5 in the Tl Pool. The core at RM 202.9 is considered to represent background
suspended-matter loads from the Upper Hudson. The **Cs-normalized PCB concentrations for this
location were 200 times |ower than those at RM 188.5 for 1991 to 1992 and 800 timeslower for 1975
t0 1981. Thus all three data sets support the conclusion that the annual PCB loading upstream of the
Fenimore Bridge at RM 197.2 is small (less than 1.4 percent based on Phase 2 data) relative to
downstream loadsfor 1993. Based on the dated sediment cores, this conclusion can be extended back
to at least 1975.

The second and more significant loading originates between the Fenimore Bridge and the
northern tip of Rogers Island a RM 194.6 (or 194.3 for GE monitoring). This three-mile reach
includesthe outfallsfrom both the GE Hudson Fallsfacility and the GE Fort Edward facility, aswell
as the remnant deposits. Both TAM S/Cadmus/Gradient and GE have collected samples within this
reach aswell as at either end. Based on their results, GE concludesthat the loading at Rogers Island
originates amost exclusively at the GE Hudson Falls facility (O'Brien & Gere, 1994b). This
conclusionisbased largely on the similarity of the congener patterns at two monitoring stationsin this

reach.

The Phase 2 results, which involve monitoring at the Fenimore Bridge (background
conditions), at RM 195.5 near Remnant Deposit 2, and farther downstream at Rogers Island, confirm
the GE measurements; in particular, the concentration and loading at Rogersdand are nearly always
greater than those at RM 195.5 in spite of the upstream location's proximity to the GE Hudson Falls
facility. Inaddition, like the GE data, the congener pattern at Rogers Iand isfrequently the same as
that found at RM 195.5.
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These results are consistent with GE's conclusion concerning the origin of loadsin thisreach
but do not prove their conclusion. However, this conclusion is not a necessary condition for the
subsequent analysisof Tl Pool loadings. 1t issimply sufficient to establish the nature and scale of the
loadings at Rogers Island so that loads originating downstream in the Tl Pool can be differentiated
from the upstream contributions. To thisend, the Phase 2 data provide the most detailed information
on water column PCB conditions for the Phase 2 investigation period. The GE results provide less

detailed information over alonger period, i.e., April 1991 to May 1996.

Figure 3-102 shows the similarity of the results obtained at Rogers Island in March 1993 for
the Phase 2 and GE monitoring programs. Both analyses show the load to consist largely of tri-
chlorinated and tetra-chlorinated congeners, suggesting an Aroclor 1242-likesource. Thereisdsothe
noticeabl e absence of significant levels of dechlorination products, specifically mono-chlorinated and
di-chlorinated congeners. The loading estimates given in the figure are based on the respective data
sets and are considered to be in generally good agreement given the different temporal monitoring

schemes, analytical techniques, and the variable nature of the Bakers Falls source at that time.

Both the Phase 2 and the GE data sets show the magnitude of theloading at Rogersidandto be
highly variable with no apparent tempora dependence. Thehighly variableloading is consistent with
the current understanding of the GE Hudson Fallsfacility PCB releases. Thesereleasesare believed
to occur as PCB-bearing oils which migrate through fractured bedrock to the Hudson. The nature of
the migration is not well understood but it does not appear to be continuous in nature. The largest
single loading increase during the Phase 2 investigations was found at Rogers Idand, yielding 17
kg/day for Transect 4 in April 1993. Anaysisof the congener content for the suspended matter for this
event suggested the presence of Aroclors 1242, 1254, and 1260 at 94 percent, 5 percent and 1 percent,
respectively, in the mixture. Thisresult is confirmed by the dated sediment core at RM 177.8 near
Stillwater in which surface sediments were shown to contain asimilar mixturein theratio of 82:16:2,
respectively (see Figures 3-70 and 3-72). Thisresult indicates that the load originating between

Bakers Falls and Rogers Island must contain al of these Aroclors.

The GE datafor Rogers Iland document the magnitude of the loadings over the period April
1991 to May 1996. Mean monthly load cal culations arelimited to April 1991 to February 1996 dueto
the lack of available USGS mean monthly flow data. The GE data indicate that this loading was the
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dominant source to the Upper Hudson during the period September 1991 to May 1993. They aso
indicate that the loading represented a substantial increase over the preceding five-month period
(April to August, 1991). When thislarge release above Rogers Island was first discovered, it was
hoped that the dated sediment cores might reflect itsimpact on the River. However, dueto thetiming
of the major releases above RM 194.6 (September 1991 and June through October 1992) relative to
the collection of the sediment cores (September to October 1992), it isunclear asto whether the cores

should reflect this load increase.

The results for two downstream cores, a RM 177.4 near Stillwater and RM 143.5 near
Albany, indicate asmall risein surface sediment PCB concentrations relative to previous deposition.
Cores from both sites are characterized by particularly high deposition rates, i.e., 1.7 and 5.5 cm/yr,
respectively, which increases the resol ution avail able to detect such load events. Both cores show a
relatively minor increase in 1991 to 1992 PCB levels normalized to **'Cs, approximately 10 to 25
percent higher than those over the previousthree-year period. Corescollected subsequent to the Phase
2 investigation (Chillrad et al., 1996) yield increased surface concentrations at several Lower Hudson
Sites. Theseresultsaswell asthe small changesinthe RM 177.8 and RM 143.5 cores suggests that
theincreased |oading at Rogers|dand, while unquestionably important, was still small in comparison
to the water column loads of the 1970s and early 1980s. In particular, theresultsfrom Chillrad et al.
(1996) suggest that the loading may have been similar to the water column loads seen around 1984.

3.4.3 LoadingfromtheTIl Pool during 1993

Having established the validity of the sampling approach and the nature of upstream PCB
loadingsto the Tl Pool, the nature and magnitude of theload from the Pool were examined. The Phase
2 sampling program provides a detailed database with which to examine this flux. Of the 12 water
column sampling events, 10 clearly show the influence of the Tl Pool load on the water column
congener pattern, documenting this flux.

The nature of the congener pattern varied somewhat during the sampling program. Figure 3-
103 shows the homol ogue patterns of the net T1 Pool oading during two transects, i.e., Transect 3in
March and Transect 6 in August 1993. March conditions, i.e., early spring-transition conditions, are
characterized by a higher loading from the Pool with a homologue pattern dominated by the

dichlorobiphenyls. August conditions, i.e., summer low-flow conditions, indicate alower net flux
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from the Pool with alesser but still dominant dichlorobiphenyl contribution. In both instances, these
loads have the greatest impact on the dissolved phase, largely due to the lower sediment-to-water
partition coefficientsfor the added congeners. The nature of the homologue pattern determined for the
pool loading is consistent with a sediment-derived flux. Asindicatedin Section 3.2, it appearslikely
that the load at the TI Dam is derived amost entirely from the sediment given the consistency of the
total TI Dam load and its homologue pattern. Thisimpliesthat someif not al of the unaltered PCB
load originating above Rogers Island is stored within the sediments of the TI Pool andisreplaced and
augmented by older PCBs released from the Tl Pool sediments.

The differences between March and August conditions may be attributed to differencesin the
sediments responsible for the source during these periods. Asnoted previously, the Tl Pool load may
be produced by porewater-based fluxes from the sediments of the Pool. In thisinstance, the PCBs
homol ogue pattern of the sediments need not show extensive dechlorination in order to yield amono-
and dechlorohomologue-dominated porewater mixture. Nonetheless, the more dechlorinated the
sediment mixture, the higher the fractions of mono- and dechlorohomologues in the porewater (see
Figure 337). The March homologue pattern is enhanced in these homologue groups relative to
August, indicating that if porewater movement in the primarily mechanism for the release of PCBs
from T1 Pool sediments, then the sediments responsible for the March load must be more dechlorinated
than those yielding the August load. The reason for the change fromMarch to August is unclear but
may be regulated by the velocity of porewater displacement. During March, porewater velocities may
be relatively high due to higher groundwater levels from snowmelt. This would serve to displace
porewater-borne PCBs from deeper sediments in the Tl Pool which generally contain higher PCB
concentrationswith more extensive dechlorination. Summer conditionsare generaly characterized by
lower groundwater levels, which would serve to decrease the porewater flux and the mean depth of

sediment porewater displacement.

Resuspension is asecond plausible mechanism for the release of PCBsfrom the sedimentsto
thewater column. In thisinstance, the sediment source of PCBs must be extensively dechlorinated in
order to yield the water column pattern. However, the reason for the March-August differencein the
TI Pool load homologue pattern is less clear. Clearly the PCBs associated with the sediments
resuspended in August must be lessdichlorinated than thosein March but the reason for thisdifference

is unknown.
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Alternatively, biological degradation may be responsible for the March-August differences
noted. Biological activity is highest in the summer months and may serve to degrade the lighter
congenersin the water column. In this manner, the sediment fluxes during March and August whether
porewater or resuspension driven could be similar in homologue distribution but biological activity
would modify the load upon entry to the water columnin August. The possibility of biologicd activity
was suggested by the other summer transect stations which show a gradual loss of mono- and

dechlorohomologues as a water parcel travels from the TI Dam to Waterford.

In al likelihood it is probably some combination of these three processes, porewater
migration, resuspension and biological degradation which areresponsiblefor the Tl Pool load and its
variation. Nonetheless, the presence of the mono- and dechlorohomol oguesin the water column has
important implications for determining the source of PCBs within the Tl Pool. To date, PCB
dechlorination has only been demonstrated to occur in anaerobic sedimentsyielding aless chlorinated
PCB mixture. Alternatively, dissolution of any sediment-sorbed PCBs appears to produce a less
chlorinated PCB mixture in porewater (see Section 3.1 and Figures 3-36 and 3-37). Thus, it appears
likely that the sediments must be the source of these PCBsto the water column since they do not enter
theriver above RM 194.5 at Rogers|dand, asindicated by the homologue patterns shown in Figure 3-
102. The sediment inventory of PCBsin the Tl Pool is not evenly distributed (see Section 4.2) and
these exist zones of relatively high PCB concentrations or hot spots. The original hot spot definition
for Hudson River sedimentsasdefined by NY SDEC (NUS, 1984) is sediment PCB concentrations of
50 mg/kg or more. The sedimentsin these areas have sufficient PCB concentrationsto permit in-situ
dechlorination (aminimum of 30 mg/kg isrequired to yield extensive dechl orination, see Section 4.3)
aswell asto maximize porewater PCB gradients and potentially drive aflux to the overlying water.
They also represent large areas of highly concentrated surficial sediment which would be available
for resuspension to the water column. Thus, thehot spotswould appear to be the most likely source
of the TI Pool load to the water column. Which thehot spots appear to bethe most likely source of the
TI Pool load, the possibility of sediments at lower concentrations yielding thisload cannot be ruled
out. These sediments are spatially extensive and may be the primary source. Since they tend to be
less dechlorinated, porewater exchange with these sediments would be the primary transport
mechanism. Regardless of the exact source area within the Tl Pool, however, it is clear that the

sediments are the primary source for the Tl Pool load. If, asindicated earlier, the Tl Pool generates
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the entire load at the T1 Pool/dam for much of the year, the importance of these sediments becomes

even greater.

It was possible to quantitate the magnitude of the net T1 Pool flux on nine out of 12 sampling
events. Figure 3-104 presentstheresults of eight of these events, averaging thelate spring and summer
sampling periods. Each pie chart representsthetotal loading at Waterford for the labeled time period.

Intwo of thefour diagrams, the net T1 Pool load is substantially greater than theload at Rogersidand.
The estimated net load generated within the Tl Pool is indicated on Figure 3-103 for each time
period. During the Phase 2 sampling period the T1 Pool represented the major component of thetotal
or combined load at the TI Dam in eight out of nine months of sampling. Only the month of April was
dominated by upstream PCB loads. Even when no apparent gain in total PCB load occurred acrossthe
Pool, the water column homol ogue and congener patternsreflected the importance of sediment-water
exchange within the Tl Pool for the TI Dam loading. On an annual basis for 1993, the net T1 Pool
load was estimated to represent at least one-third of the total loading at the TI Dam. However, ona
tempora basis, it was estimated that the T1 Pool flux was the dominant load to the water columnfor 11
months of the year. This conclusion is supported by the GE results which show the continued
importance of the T1 Pool loading through May 1996. If the Tl Dam load is produced entirely from the
sediments of the Pool, and isindependent of the Rogers Iland load, then the Pool [I's contribution for
the 11 months is even more important. Note that the TI Dam load (TI Pool load plus the loads
attributed to upstream sources) represents 99 percent and 90 percent of the load at Waterford during

the late spring and summer conditions, respectively.

Thisloading hasimportant implicationsfor fish PCB body burdens. If asubstantial portion of
fish tissue PCB concentrations result from water column exposure, as suggested by the analysisin
Section B.4.4 of the Phase 1 Report (TAMS/Gradient, 1991), then the flux of PCBsfrom the TI Pool
represents the majority of this exposure in the Upper Hudson. In particular during summer when the
fish growth rate is highest, the net and gross Pool |oadings represent about 75 prcent and 90 percent,

respectively, of the water column inventory as shown in the fourth pie chart in Figure 3-104.

3-145 TAM S/Cadmus/Gradient



34.4 LoadingattheTl Dam - 1991 to 1996

The detailed nature of the Phase 2 data permitted the accurate characterization of the Tl Pool
source during 1993. The conclusions drawn from thisanalysis can be applied to other, less detailed
data sets whose temporal extent is greater than that of the Phase 2 water column data. For the period
April 1991 to May 1996, General Electric maintained four monitoring stations between RM 197.2 and
RM 188.5. Specifically, these were RM 197.2 - Fenimore Bridge, RM 196.8 - Canoe Carry, RM
194.6 - RogersIdand, and RM 188.5 - TI Dam. The results of this work were used to examine the
applicability of conclusions discussed previoudly.

The analytical and sampling techniques used by GE were similar in many waysto those usedin
the Phase 2 investigation. There were some differences in sample quantitation on the congener level
but when the Phase 2 and GE PCB results were summed into homologue and total PCB values, the
resultsgenerally agreed well. Both USEPA and GE collected samplesduring 1993, providing alarge
number of points to establish the comparability of the two data sets. Figure 3-105 presentsthe PCB
fluxes calculated from the Phase 2 and GE results for March through September 1993. Both the
absolute magnitude of the combined Tl Dam flux and the fraction of each upstream |oad are compared

in the figure.

The Phase 2 results represent the fluxes based on both the near-instantaneous transect sanpling
and the 15-day flow-averaged sampling, converted to a monthly basis. The weekly GE monitoring
results have been used to generate monthly flux estimatesaswell. In general, the GE-monitored fluxes
agree quite well with the Phase 2 flow-averaged fluxes, typically differing by 25 percent or less, with
a maximum difference of 65 percent for May. In addition, the fractiona distribution for the
background Rogers Island (Bakers Fallsto Rogers Island) and net T1 Pool 1oads are similar for both
results. The GE data show alarger background fraction than do the Phase 2 data but thisis attributable
to their higher sample detection limits. Both data sets show the increase across the Tl Pool to
represent more than 65 percent of the combined Tl Dam load during March and July through
September. Thedatafor the threeintervening months (April through June) do not agree in this aspect.
However, this period is characterized by at least one and perhaps several large releases from the
Bakers Fallsto Rogers|sland reach due, in al likelihood, to the GE Hudson Fallsfacility. Giventhe

sporadic and unpredictable nature of these releases and the different sampling frequencies, the noted
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differencesarelikely to represent the inherent variability in the PCB levels and not differencesin the

measurement techniques.

Combining the results of the Phase 2 sampling with the GE results on atotal massloading basis
alone, both data sets show that the T1 Pool represented the dominant |oad to the water column during at
|east seven of the nine months of Phase 2 monitoring in 1993. When the homologue patternsfor the Tl
Dam station are included for consideration, the Pool represented the dominant load for eight of the

nine months.

The GE record was then examined to determi ne Hudson River PCB |oads outside this time
period. Based on the known history of events surrounding the GE Hudson Fallsfacility, the GE data
were separated into three periods. Thefailure of componentsin the upper raceway at BakersFallsin
September 1991 began the first documented large release from the area and represents the first
separation point. Closure of the eastern raceway duice gate occurred in April 1993, but major
releases appear to have been present until May 1993. May 1993 was selected as the second
separation point. Figure 3-106 shows the average monthly load for the periods April through August
1991, September 1991 through May 1993, June 1993 through June 1994, and July 1994 through
October 1995. The period April through August 1991 shows the net TI Pool |oad representing more
than 50 percent of the combined TI Dam load, at roughly 0.36 kg/day. The next period shows the net
Pool 1oad representing only about 20 percent of the combined T1 Dam load, although the Pool |oad has
increased to 0.66 kg/day. Thisresult demonstratesthe measurable presence of a Tl Pool load in spite
of the very large releases occurring above Rogers Island during this time. The one-year period
following the closure of the eastern raceway shows the dominance of the net TI Pool load in the
combined Tl Dam load for an entireyear. Although major oads originating above RogersIsland are
noticeably absent in this period, the average load from the Pool is dightly greater than the previous
period at 0.82 kg/day. The last diagram in the figure shows the continued importance of the net TI Pool
load over the period July 1994 to October 1995. During this period, thenet T1 Pool |oad decreased to
0.46 kg/day. Theincremental net Tl Pool fraction decreased such that the combined TI Dam load looks
very similar to the condition prior to the large rel eases from the Hudson Falls areas. However, some
of this change in the fractional contribution is attributable to the large increase in background load
between this period and the previous one. As noted earlier, determination of the background load

based on GE data may be subject to significant overestimation.
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Onthebasisof these data, it isapparent that the net TI Pool load, presumably derived from the
sediments, has represented a major fraction of the load crossing the TI Dam for the entire period of
record. In the two most recent periods, free of major loads at Rogers Island, the Pool represented
about 50 to 70 percent of the combined load at the Dam on an annua basis. Thisisconsistent with
conclusions based on the Phase 2 results, showing theimportance of the Tl Pool in the Upper Hudson
PCB loads. However, the GE results continue to show the homologue shift inthe Tl Dam load relative
to the Rogersidand load. Thisis consistent with the suggestion made previoudly that the entire water
columnload at the TI Dam isgenerated within the Pool. If thisistrue, theimportance of the T1 Pool to

downstream loading is even greater.

Resultsfor the entire GE monitoring period show the net Pool 1oad to be the dominant fraction
throughout the period. 1t should be noted that the load from the Pool increased roughly 2-fold relative
to pre-September 1991 levels during the period September 1991 to June 1994 and appears to have
returned to the early 1991 condition during the latest period. The reasonsfor thisincrease are unclear.

However, it should be noted that the pre-September 1991 dataset is limited in time and may not be
sufficient to define the pre-September 1991 conditions. Although the onset of the increase
approximately corresponds to the increase in Rogers Island loads, it is unclear how these changes
could berelated. One possible explanation would involvea Tl Pool source post-September 1991 in
which both recently deposited PCB contamination and older existing deposits combine to yield the
measured load at the TI Dam. Given the current data set there is no basis on which to prove or
disprove this possibility or to discern the relative contributions of fresh and older PCB deposits.
However, more importantly the question remains as how long PCBs remain available for sediment
surface exchange once they are deposited in the Tl Pool. Based on the continued presence of high
PCB concentration at the surface from the high resolution core results and the continued TI Pool
release three years after the upstream loads at Rogers Iland were substantially reduced, it appears
likely that thistime frame is of the order of several years and possibly decades. Thus, the Tl Pool
PCB inventory increased by the recent deposition is likely to continue to drive the mgjority of the

annual PCB load to the entire freshwater Hudson for many years.

In support of this, it should be noted that the Pool has represented a net source to the water
column for the entire period of record including the pre-September 1991 period. Based on the
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consistency of the TI Dam load levels and homologue patterns during both the Phase 2 and GE study
periods, aswell asitssimilarity to the sediments (see Section 3.2), it islikely that the TI Dam load is
derived entirely from the Pool. It is also noted that although the T1 Pool load increased at about the
same time as the Rogers Iland load, the net T1 Pool contribution merely doubled and has since
dropped to its 1991 levels in spite of the roughly ten-fold increase and decrease in the mean monthly
Rogers Idand loading for the same period. This suggests that the loading from the Pool is largely
independent of the upstream loadings athough the very large upstream |oad may have had atemporary
impact. Asevidencefor this, Figure 3-107 showsthewater column concentrationsat the TI Dam from
June 1, 1993 to May 1996. Although there is much noisein the data, the summer time water column
concentrations are consistently high and do not show atrend with time. This suggests that the loca
sediments tend to establish the water column concentrations and that subsequent downstream loads
were simply afunction of flow during these periods. Thus, theload decrease for July 1994 to October
1995 may be aresult of the very low flow conditions seen during 1995. Regardless of the source of
thevariation inthe TI Pool load, itisclear that for the entire period of record, the net increasein PCB

loading across Tl Pool has aways represented alarge fraction of the combined TI Dam loading.

The General Electric datawere also examined on ahomologue basis. Theseresultswere used
to determine the homologue pattern of the Tl pool load. Asnoted in Figure 3-102, theresultsfor the
Phase 2 and GE programs agree on the homologue distribution at Rogers Idand. The agreement is
consistent but not as good for the Tl Pool load. Figure 3-108 shows the mean homol ogue pattern for
sx one-month periods. In genera, the patterns vary from month to month. However, in all cases, the
pattern is distinctly different from the GE Rogers Idand pattern shown in Figure 3-102. In addition,
thesix Tl Pool patterns are characterized by significant monochloro- and dichlorobiphenyl fractions,
indicating that the source consists of sediment-based PCBs.

It isinteresting to note the similarity among the June 1991, June 1994, and June 1995 patterns,
all of which show large fractions of the monochloro- and dichlorobiphenyls, suggesting tha the same
source or mechanism isresponsible for the Tl Pool load during these periods. The GE August 1993
pattern is similar to the Phase 2 August 1993 pattern (see Figure 3-103 in that the trichloro- and di-
chlorobiphenyls are most important, followed by the monochloro- and the tetra-chlorobiphenyls. Note
that the magnitude of the GE-based net |oad estimate of 0.87 kg/day agreesfairly well with the Phase 2

summer mean net load of 0.75 kg/day. The Phase 2 mean summer load represents three two-week
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flow-averaged events and is more comparabl e to the GE-based estimate than the near-instantaneous
value of 0.47 kg/day determined in the August transect. Much of the variability in the GE homologue
patterns is related to the di-chlorobiphenyl fraction. This fraction is shown to be dominated by
congener BZ#4 in the Phase 2 results. Quantitation of this congener may be a problem in the GE
results due to co-elution with BZ#10 on the chromatographic column used by GE. The homologue
pattern and loading for May 1996 is aso shown in Figure 3-108. Although the loading rateis based
only oninstantaneous flow data (the others are based on mean monthly flow), the rate indicatesthat the
Pool is still a significant net source to the water in 1996. The homologue pattern is centered on
trichlorobiphenyls unlike the other diagrams but this represents conditions for a period one month
earlier in the year than the other diagrams. Nonetheless the elevated levels of mono- and

dichlorobiphenylsin all these diagramsin Figure 3-108 are indicative of the sediment source.

It is apparent in the results of both the Phase 2 and GE programs that the T1 Pool continuesto
generate amajor PCB |oad to the Hudson River. The net load increase acrossthe Pool isshown to be
the dominant portion of the combined T Dam loading asrecently as May 1996. Figure 3-109 shows
the instantaneous total PCB loads at Rogers Idand and the TI Dam for May 27, 1996. The large
difference between loads measured at the two stationsis due to the T1 Pool and represents more than
88 percent of the total load at the dam. Using other sample data available for May 1996, the fraction
attributable to the T Pool is about 80 percent, still avery large fraction.

345 PCB LoadingstoWaterford

Three data setsare availableto facilitate this examination: the Phase 2 water column sampling
results; the Phase 2 dated sediment cores; and the USGS water column monitoring data. The Phase 2
water column investigation provides a detailed short-term examination of the loads while the

remalning programs provide along-term, less detailed basis for examination.

Phase 2 Conditions

Beginning with the Phase 2 water column results, Figure 3-104 represents the total load to
Waterford for four different time periods. Evident in each diagram is the fraction of the total load
derived from the Tl Pool. Also shown is the load fraction derived between the TI Dam and
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Waterford. Thisfraction incorporatesthe loadsfrom the Batten Kill and Hoosic River aswell asany
loads originating within the Hudson itself. In three of the four instances, this fraction represents 15
percent or less of thetota flux, which iswithin the flux measurement uncertainty. Thisindicatesthat
this apparent load gain is probably not significant. In March 1993, aone-in-100-year flow event on
the Hoosic River generated alarge PCB load by scouring of Hudson River sediments, generating the

large flux shown.

The load gains can also be examined by river mile as shown in Figure 3-110. Thisfigure
represents the March, April, and August transects, i.e., Transects 3, 4, and 6, respectively. It shows
that, except for the large gain between Stillwater and Waterford in the March transect, the loading
determined at RM 188.6 at the TI Dam isthe same at all downstream stations. Thisresult isconfirmed
by the flow-averaged sample data. These data strongly suggest that loadings at the TI Dam are
transmitted to Waterford conservatively, with little addition or loss. The congener composition of the
samples collected at the Phase 2 stations confirm thisfinding for the winter and spring conditions. As
shownin Figures 3-37, 3-40, and 3-43 to 3-46, the PCB homol ogue patterns seen in both the dissolved
and suspended matter fractions at downstream locations are essentially the same as those determined
at the TI Dam. Thisleadsdirectly to the conclusion that the Upper Hudson below the TI Dam appears
to act essentially as a conduit, transporting the entire PCB |oad at the Dam to Waterford during this
period. Conversaly, under summer conditions, the total load is conserved to Waterford but the
homologue patternis not. As shown in Figures 3-47 to 3-49, the homologue pattern gradually shifts
toward higher chlorinated homologues. Thismay be the result of sediment-water interactions such as
porewater exchange, water column loss via gas exchange, or possible biological degradation of

congenersin situ.

It should be noted that some evidence was obtained during the later summer sampling events,
covering August to September 1993, to suggest an additional water column loading between the T
Dam and Schuylerville, contributing about 26 percent to the total water column load. Thisincreaseis
beyond the estimated uncertainty in the measurementsfor this period and appeared consistently in the
three later sampling events. The nature of the loading is uncertain but appears to have similar
characteristics to the local sediment, based on the changesin the water column homologue patterns.

Thisload increase was not noted during any other sampling period.
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Historical Conditions

The dated sediment cores and the USGS measurements provide ameansto examine the nature
of historical loadsin thisregion of the Hudson. In particular, they represent the only records of water
column transport prior to 1991. Both records show a substantial decline in water column PCB
transport beginning in the late 1970s (see Figures 3-59, 3-61, 3-100 and 3-101). Following the
decline, water column levels, and therefore transport, appear to level off during the 1980s. This
chronology isfound in all dated Phase 2 Hudson River cores below RM 190 aswell asat each of the
USGS dtations, i.e., Rogers Island (RM 194.3), Stillwater (RM 168.2), and Waterford (RM 156.6).

Themost recent USGS records, corresponding to 1992 and 1993, show asubstantial increase
in PCB concentrations at the Rogers |sland station and suggest an increase at the downstream stations
which is consistent with the previous findings of this report. However, the relationship among the
loads at the three stations conflicts with the Phase 2 results. The USGS data show a substantial
decreasein total |oad between Rogers|sland and the downstream stationsfor 1992 and 1993 whereas
the Phase 2 and GE resultsindicate that the downstream |oads should increase due to the load from the
TI Pooal.

The reason for the discrepancy between the USGS results and the Phase 2 and GE resultsis
unclear, but is probably related to the large uncertainties associated with the cal cul ated |oads and the
differencesin PCB analytical techniques. For example, in 1992 the total decrease between Rogers
Island and Stillwater recorded by the USGS s approximately 50 percent. However, thisdecreaseis
not statistically significant (see Table 3-23). The mean annua flux for 1992 at RogersIdand is825
kglyr "884 kglyr based on a two standard deviation error. This measurement is not statistically
different from the RM 168.2 and 156.6 results of 411 **140 kg/yr and 317 "*144 kg/yr, respectively, for
1992. Similarly, in 1993, the flux from Fort Edward to Stillwater increases by about 35 percent.
However, the mean fluxesfor the two stations are again not statistically different with thefluxesat 310
170 and 420 **230 kg/yr at Fort Edward and Stillwater, respectively. Thus, dthough the USGS data
show the general PCB load variations noted in the GE data for Rogers Iland, the results are too
insengitive to do any more than smply track general loading trends. Unlike the Phase 2 data, the USGS
data are not sufficiently sensitive to determine load loss or gain between Rogers Island and the

downstream stations given current levels. The USGS results do suggest, however, that the load
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increases recently recorded in the GE data did not occur on a comparable scale during the period
1985 to 1990. This is an important conclusion for the examination of historical data, since this

suggeststhat near steady-state conditions existed during this period, simplifying the datainterpretation.

The reasons for the large uncertaintiesin the USGS data are probably related to anumber of
factors, some of which are listed here. The USGS data represent the least sensitive measurements
among those presented in this report, with concentrations frequently reported below detection limits.
Many samples have the same detection limit and, therefore, the same assigned value for the load
calculation. In particular, the USGS data collected prior to 1988 were obtained using packed column
chromatography which is less sensitive than the capillary column techniques used by
TAMS/Cadmus/Gradient, GE and the USGS after 1987. In addition, the USGS measurements were
focused on quantitating the heavier congeners which form the main components of the Aroclors they
quantitated (Aroclor, 1242, 1254 and 1016). The peaks used for quantitating these Aroclors do not
include the mono- and dechloro congener (specifically BZ #1 and #4) which were shown to be quite
important in the water column during the Phase 2 study period. Thus, the Stillwater and Waterford
results would be expected to substantially underestimate the additional loading from the Pool.
However, since the USGS measurements are generally based on Aroclor standards, they are probably
amorereliablerecord of thetri- and tetrachlorobiphenyl fractionsin theriver, since these homologues
comprise the peaks used for Aroclor quantitation. Finally, the USGS sample collection frequency
tended to be very irregular. This would tend to create the large standard deviations for 1992 and
1993, based on the known short term variationsin the Rogers I and | oading documented in the Phase
2 and GE data.

The dated sediment cores in this region can provide several perspectives on historical
transport. Asnoted earlier in this section, all dated cores below RM 190 show the same total PCB
loading history. In addition, the relationship among **'Cs-normalized PCB levels can be used to
examine transport between coring locations. The PCB/**'Csratio of thefirst dated core downstream
of the GE facilitiesand most of the TI Pool (RM 188.6) shows more than a100-fold increaserelative
to the background core at RM 202.7 for the period 1975 to 1992. Thisindicates that Upper Hudson

background levels have been negligible for the entire period of concern in this report.
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The highest PCB concentrations detected in the sediment coring program were found in the
core at RM 188.5, as would be expected due to its proximity to the source areas. PCB/*'Csratios
downstream decrease with increasing distance from RM 188.5 as anticipated. However, the
decreasesto RM 177.8 are not commensurate with those based on dilution by tributaries, suggesting
that lossfrom the water column (possibly to the sediment) has occurred historically above RM 177.8.

Below this location, concentrations decrease in proportion to drainage area all the way to RM 88.5
near Kingston. The apparent loss of PCBs between RM 188.5 and RM 177.8 may be dueto settling of
suspended matter from the water column. However, it isalso possible that bedload transport may be
reflected in the cores at RM 188.5 and 185.8 due to their proximity to the Tl Pool and remnant
deposits.

The latter explanation is consistent with the PCB/**Cs results shown in Figure 3-64. This
figure shows that the difference between the RM 188.5 and RM 177.8 cores has decreased over time
such that 1991 to 1992 levels suggest minimal transport losses during 1991 and 1992 between these
locations (see also Figures 3-65 and 3-66). Thisdecreasein the difference between the coreswould
be expected if bedload transport due to scouring of the remnant deposits, and possibly of the hot spots,
were steadily decreasing over time. It isapparent from the Phase 2 water column data, collected after
the capping of the remnant deposits, that conservative transport of PCBs occurred throughout the
Upper Hudson during much of 1993.

Additiona information on historical PCB transport can be obtained from the congener patterns
found in dated sediment layers. The dated sediment cores at RM 188.5 and 185.8 are of somewhat
limited usein thisregard since they are extensively dechlorinated. However, the coreat RM 177.8,
just 11 miles downstream of the T1 Dam, does not show evidence of substantivein situ dechlorination.
This core provides arough meansto confirmtheimportance of the Tl Pool source over time. In order
to do this, it isfirst necessary to bring together four separate conclusions concerning water column
PCB levels and sediment PCB levels. First, as demonstrated in Subsection 3.3.2, surface-sediment
and suspended-matter results agree closely in both PCB concen